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FOREWORD

This report was prepared by the Union Carbide Silicones Division. Work
here reported was sponsored by the Miaterials Laboratory under USAF Contract
woz AF533(616)-6289. This contract w•as initiated under Project No. 7360 "The
Chemistry and Physics of Materials," Task No, 73615 "Compositional Atomic
and Molecular Analysis," It was admiynistered under the direction of the
Materials Central, Directorate of Advanced Systems Technology, Wright Air
Development Division, with Mr. W. R. Powell acting as project engineer.
This report covers work conducted from May 10, 1959, to April 11, 1960.

All the analytical and microscopic tests and procedures reported herein
were worked out by Mr. Howard Bradley and his assistants, Barbara Bierl,
R. J. Lewandowski, 11. F. Hillery and G. W. Heylmun, of the Tonawanda Labora-
tory Analytical Department. The colorimetric standards are simulated rather
than true colors because of fading and should be freshly prepared by the
analyst. The simulated standards are enclosed in a pocket of the rear cover.
The processes for glass finishing and preparation and evaluation of reinforced
plastic structures were done by J. Sidlovsky, J. G. Marsden and L. P. Ziexianski.
Dr. M. H. Jellinek contributed much valuable information and advice. The
several phases of the program were planned and coordinated by Mr. S. Sterman.
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ABSS3ACT

Essentially all of the objectives of WADD AF33(61.6)-6289 contract
"for evaluation of existing procedures and development of new analytical

methods for identifying the chemical type and amount of finish present
on glass cloth" arc believed to have been attained.

The strong and weak points of present methods as well as their cor-
relation with performance are shown for vinylsilane finishes (A-17A and
Garan), gamma--aminopropyltriethoxysilane finish (A-11O0) and methacrylate-
chromium finish (Volan A). The uniformity of loading of finish on commer-
olally LreuýLd glass cloth has beer] shown. The strength of bonding has been
shown by extractive procedures and by performance data.

A new simple, qualitative, rapid, colorimetric series of tests has been
developed for identifying the above finishes. New, improved quantitative
procedures have also been developed for each finish.

An electron microscopy replica technique has been developed which for
the first time allows the actual surface and configuration of the finishes
on glass to be seen, giving a new tool and new insights into the way finishes
behave on glass.

PUBLICATION REVIEW

This report has been reviewed and approved.

FOR THE COMMANDER:

F. F. BENTLEY
Chief, Analytical Branch
Physics Laboratory
Materials Central
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SUMMARY:

This is the final report on WADID-AF33(616)-62f39 contract, "for evalua-
tion of existipg procedures and development of new anJ..ytical methods for
identifying the chemical type and 'amount of finish present on glass cloth.

We believe that we have achieved all the objectives set forth in the
contract. In particular, we can now determine the type, quantity and
quality of finish on any given piece of glass cloth. These resUits are
summarized in detail below:

1. We have shown in detail the advantages, disadvantages, correlation
with performance df the present analytical methods for vinylsilane finishes
(A-172 and Garan); fanma-aminopropyltriethoxysilane finish (A-1100) and
methacrylate-chromi.Lti finish (Volan A).

2. We have shown how the e$1sting methods may be used to show uniform-
ity of finish loading on glass .cloth by selection of definite sites on a
roll of glass cloth for analysis. We have shown that commercially-finished
cloth is of adequate uniformity for the rolls sampled so that loading should
not be a factor in variation of performance.

3. We have shown the strength of bonding of each finish to glass by
both correlation between loading and performance and by extractive procedures
for ease of removal. A-172 is very strongly bonded; A-l100 and Volan much
less so. All three show strongest bonding in the layers closest to the glass.

4. We have developed a completely new, integrated, qualitative, colori-
metric series of procedures for identifying the above finishes quickly and
simply. Five dyes or colorants are used and, with a little practice, only
25 minutes are needed to identify all finishes.

5. We have developed new procedures for quantitative determination
of these finishes. 'These include.:

a. a new carbon procedure for A-172 or A-1100,
b. a new specific "vinyl" procedure for A-172,
c. a new culorimetric test for A-172 (Rhodamine B),
d. a new colorimetric test for A-11O (sodium nitroprusside),
e. new methods for the chromium in Volan A (Na2 C03 fusion

and perchloric acid digestion).

6. We have developed an electron microscopy replica technique which
for the first time allows the actual surface and configuratIon of the

Manuscript released by the author 24 June 1960 for publication as a WADD

Technical Report.
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finishes on glass to be seen, giving a pew tool and new insights into the
way finishes behave on glass. Loadings which correlate with chemical
nnaly-ses can even bL)e calc.Ulated from the electron n•icrographs. In general,
finishes do not deposit as a continuous layer but rather in discrete polymer
units. This effect, along with a "channeling" effect, probably explains
why a loading calculated to give a monofilm is never sufficient for optimum
properties.

DISCUSSION:

This entire report deals with analyses, evaluation and handling
problems on high quality, heat cleaned glass cloth. In this case, 181-112
was used throughout. The results should apply to any other similar heat
cleantd glass cloth; but, because of differences in handling, fiber diameter
and length and techniques of "finishing" or 't sizing," it should not be
assumed that the same results would necessarily be obtained with woven
roving, mat or with Woven cloth of widely-different specification.

The 181 glass cloth is woven from strands composed. of approximately
600 glass filaments, 5-8.microns in diameter; the appearance of a section
of a glass strand is shown in Appendix XIX.

The A-17. and A-110o finishes are applied by dipping the glass cloths
in an aqueous solution of the finish; the loading is controlled by the-
concentration of the dipping solutions and the rate of withdtawal &t the
cloth. The treated cloth is then passed through a drying oven and the
water is completely evaporated. During the drying process, the alkoxy
groups of the A-172 and A-110O are replaced by hydroxyl groups which con-
dense and leave resins having the general formula ffRS!i?/j. The Volan A
finish is applied in a manner similar to A-172 and A-ll00 finishes except
that a washing and subsequent drying step is required to remove water-soluble
salts formed during the neutralization part of the process. According to
DdPont literature, the Volan A finish is a polymer having the empirical
formula, C4f 60SCr 2 ,

In analyzing glass cloths finished with A-172 or A-1l0O, it is a well-
established custom to report the analyses in terms of weight per cent A-172
and A-1100, even though the finish on the cloth, after curing, no longer
has the chemical composition of the parent A-172 or A-1100. For example,

WADD v 60-318 2



the A-172 in the finishing solution has the formula H•C:CH~i(OCI 1 C*)s
and after hydrolysis and curing It assumes the fo-&mla /flv•>-& sio/h wich
is the same as the Garan finish at th.i s point.

Io EThdstijn Method oE A--I ai:

A.. A-172 and Garan:

A-172 or Garan finish loadings on glass fabric are determiuned
by means of a carbon analysis, and then relating the carbon content to the
flnM44sh- loading. The analyt,41cal- ro."ce-dure used tc determiOne cai_% ~ IA
is in Appendix X.171 but has ntw been supplanted by Appendix XII. 'a heat
cleaned glass cloth prior to finishing contains small eamnts of carbon, this
is taken into consideration when the finish loading is calculated. A smple
calculstion of Garan or A-172 finish loadings is as follows:

Carbon content of A-172-finished fabric 0.075 ± 0.006
Carbon content of heat cleaned fabric 0.015 ± 0,006

Corrected carbon content 0.0m60 ± o006

Weight per cent A-172 on glass fabric

%.C x H!CýHgi(00tCC9gCHjjg
20

or

280
0.060 x - 0.70 0.07

If the finish is Garan, the conversion factor is 190/24
instead of 280/24.

A new carbon method which is wmch faster than the conven-
tional combustion train is now being used. This is the "Leco Carbon
Determinator," manufactured by Laboratory Equipment Corporation, St. Joseph,
Michigan, at a price of $3700. This unit cuts time per analysis from about
one hour to six minutes and appears to be more sensitive-and precise.
Based on both laboratory and commercial practice, these carbon analyses
appear to correlate with estimated loading based on solution concentration
of the finish and per cent wet pickup of the cloth, an well as with perform-
ance (wet and dry flexural strength) of polyester :aminates.

ln coamcrta pra.ct.ce, an optiumm loading of 0o5% ýa A-172,
based on cloth weight is designated to allow for production variation on
either side, since a plateau of performance exists from about 0.3% to 0.8%.
A detailed table of these loading sanalyses and performance Is shovu in
Appendix I and I1.

These analyses show average values; 'individual deterWunfations
based on where the sarmple was cut from the sawatch sha analytically signifi-
cant deviations. Fortunately, even these deviations are not signifieamt in

WAD) 2M1 60-<28 5



tcrms of paerforluane because of the broad plateau oI good performance.
FurtherjLo)re, these deviations are believed to be due to the way a amall
swatch is handled and dried in the lab and are not trae for coymer.ial
production .here continuous And uniform wet pickup alid drying ta.kes place.

B. A-1100:

The A-1100 loading on glass fabric is determined by means
of a nitrqgen determination and then relating the nitrogen content to
A-1100. The analytical procedure used to determine nitrogen content is
attached. As heat-cleaned glass cloth prior to finishing
shows a small betk. this cloth must be analyzed for nitrogen content and
a suitable adjustment be made in calculating the A-1100 loading. A saBwle
calculation is presented below:

Nitrogen content, A-l100-fiuished cloth 0.022%

Akpprent Nitrogen content 0.001
heat-clesned cloth

Corrected nitrogen content 0,021$

Corrected weight per cent A-1100 on glass cloth

0. 021 22

As in the case of A-I T?2 a-bove, good general correlation
exists between loading determined by wet pickup, analyses for nitrogen and
performance. These data are presented in detail in Appendix III and IV.
For room-tetipe.ature laminates, it appears that loadings as low as 0.1%
A-1100 are in the useful range. For high-temperature laminates, this
minim=m useful value seems to be about 04% A-1100. For commercial use, a
safety factor seems desirable and higher loadings should be recommended,
especially sinde the curve of performance'versus loading is quite flat
above these minimum values, -up.to at least 1.5% A-1O00 loading on cloth.

The correlation of loading by wet pickup and both carbon.
and nitrogen determinations is quite good but with a trend in the higher
.loadings for the actual loading to be somewhat less than that estimated
by wet pickup0 This may be due to laboratory handling and drainihg of
small swatches. Because the performance data, as shown in Appendix IV
are so flat, the minor deviations in carbon and nitrogen values seeF insigni-
ficant.

C. Volan A:

The Volan A loading on fabric is determined by analyzing the
finished cloth for chromium content and then relating this to the Volan A
polymer. The test for chromium content is based on oxidation of chromium
to chromate by sodium hypubromite treatment and subsequent colorimetric
determination using diphenylcarbohydrazide reagent. _The time required for
this method is approximately 45 minutes. We have not studied this method.

WA, - "? 4



I T Uniformity of Loadinga

The unwifoormity of loading of comumerclally- and laboratory- treated
cloth was determined by analysis of' geometrically spaced bits from a large
swatch of cloth for each finish, using standard methods for carbon, nitrogen
or chromium.

1.e results show that com•iercially-treated cloth is mact more
uniform than laborator•y-treated small swatches, becatse of exaggerated
drainage and migration pxobleus in laboratory treatment. Typical analysis
of commercJal ol,)th for A-172, A-1100 and Volan are shown in Appendix V.
"VI and VII. The variations are small enough that no performance differences
could be expected, based on Appendix II and IV. Similar data for laboratory
svatche& were obtained but are not shown. Even with these, where the varia-
tion is much greater, it still in not enough to affect performance in the
recommended concentration range.

In Appendax VII, note that the Volan loading determined by carbon
is very low compared to that measured by chromium and the postulated ratio
of 4C per 2 Cr, but uniformity for either carbon or chromium is good.

III. Degree of Bonding:

Since the purpose of these finishes is to act as coupling agents
through which large organic molecules may be linked to the substrate,
studies were made to determine the degree of bonding of A-1100, A-172 and
Volan A to the glass substrate. Degree of bonding may refer to (a) the
finish which is bonded directly to the glass substrate or (11) the finish
which is atLacied to underlying finish.

We used Soxhlet extraction tests for protracted periods of time
and made extensive studies with electron and phase microscopes of the speci-
mens being studled. The solutions which were used in the extraction tests
were analyzed cheaiially and by infrared spectrometry.

A. A 172:

Performance versus loading data in Appendix Il Implies that
the strength of bonding of AJ172 (to underlying layers) begins to fall off
as the total loading increases beyond about 0.75%.

Extraction data with several solvents and loadings confirm
this. For example, four-hour Soxhlet extractions with carbon tetrachloride
and acetone on cloth of several loadings were run. 181 cloth with 0.25% and
0.67% A-172 loadings sboved no extraction at all, as deterzaned by infrared
analysis; however, 181 cloth with 2.0% A-172 loading showed about 20% extrac-
tion by acetone. Styrene could not be used in the Soxhlet method since it
polymerized, but cold extraction of the lover loadings again showed nc A-LI_2
removed.

A four-day extraction with water reduced the loading of one

;ample only from 1. 3% A-172 to 0. 6% A-172.
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It is apparent that A-172 forms a firm bond to glass and
that for loading in the recommended range, vinylsiloxane also bonds
strongly to itself.

B. A-it00:

The degree of bonding of A-11OC-loaded cloth has been studied
by extraction with distilled water in a Soxhlet and analyzing for A-1lO0 con-
tent before and after. These data are stnw•arized in Appendix VIII. It is
apparent that hot water (four hours Soxhlet) removed 75-94% of the A-1100,
but it seems clear that a small, well-bonded layer also exists which is not
removed from the glass even after four hours. This water sensitivity does
nc; occur, of course, after a laminate is prepared because of reaction with
the resin and the known improved resistance of the structure to water. It
would be of interest to prepare a lainate from water-washed A-11HO-finished
cloth to see if the very low residual loading would perform better than an
equivalent loading applied in the normal way. This might throw light on the
uniformity of present techniques of finishing.

In a separate, shorter test in boiling water, five-minute
exposure of A-11OC-finished cloth removed an appreciable amount of A-1100
from laborato -repred smaples of finished cloth; even fifteen-_minute boil-
ing tailed to remove any A-110 from commercially-treated clothe This suggests
that commercial cloth is more tightly bonded than laboratory cloth, possibly
because of more thorough cure.

Another specimen of A-1100lfinished cloth was given four hour
Soxhlet- extraction with benzene. The loss of A-1O0 as indicated by analyses
was only 19% and 'the C/N ratio df the residual finish conftrmS to
NM2 (cH2 )3 si03/!.-

These data show that there is a very tightly-bonded layer of
•_•,am.oproyrylpolysjloxane close to the glass but that excess polymer is
much more weakly bonded.

C._ Volan A: _

Typical Volan-finished cloths are. listed in Appendtx IX. an
electron micrograph of one of these 'is sho~m in ,Figure 9.

The electron iricrograph indicates that the Volan A is uniformly
distributed in aggregates, or particles (or perhaps. polymeric units), whose

-dia&meters vary between 100 and 500- angstroms- Consideration of these dimen-
* sions and the amount of finish present (0.13% Volan A calculated as the polymet

C0HO&5 Cr2 on the basis of Cr; 0.04% Volan A on -basis of C) suggests that, in
this case, we arc not dealing with a multi-layered finish; therefore, any
degree of bonding information obtained on tests with this specimen should, for
the most part,. indicate the strengthet 'the Volai A-to-glass bond. Four hour
Soxhlet extractions of this material with water and with isopropanol failed
to remove any appreciable amount of finish.

WADD TR 60-318 6



In order to learn how strongly Volan A is bonded to underlying
Volan A, we tried to prepare more heavily loaded cloths. Appendix X shows
that we were unsuccessful in preparing a heavily loaded cloth, except in two
cases (first and third) where we purposely omitted the water wash recomrended
by DuPont. In those tVw cases, it is interesting to note that the carbon-
chromium ratio is stoichiometrically rational for Volan A. In preparations
2 and 4 the recommended water wash was included and the loadings retained
by the cloths were only 0.17% and 0.21% on the basis of chromium compared
with 0.08% and 0.14% on the basis of carbon.

N1otice that in all uades (preparations 1-4, Appendix X), the
loadings "after Soxhlet-water extraction" were essentially the same. Also,
preparations 2 and 4, which were given the recommended one minute water wash,
were not altered very significantly by an additional four day Soxhlet extrac-
tion.

These data and the electron micrograph studies indicate that
Volan will readily form a light (up to0.2% loading), vell-bonded layer of
Volan A-to-glass, and that bonds between Volan A and V"lan A are quite weak.

IV. New Qualitative Methods of Analysis:.

Simple, rapid means for identifying the type of finish on glass
cloth have been needed for a long time to aid fabricators in checkitg their in-
ventory or operating procedure where specifications are rigid. Qualitative
tests existing then this vorkwas started include (a) a specific test for A-ll00
finish using sodium nitroprusiide to react with the A-f100 amino group, develop-
ing a violet stain on the cloth (Union Carbide Corporation -- Silicones Division

S 7160-27 'unpublished notes), (b) a specific test requiring about one-half hour
for Volan A, based on a color reaction between sodium peroxide-extractable7
chromium and diphenyl carbazide (Boeing MA rplane Company D3-219), and
(c) fering's (D5-219) +hodamine B dye test (requiring 25 minutes)-for A-172
and Volan- in which the A-172'dyed cloth assumes a violet hue, while the
Volan A acquires a faint pinkish -color; however, to the best of our knowledge,
these tests had not been integrated to a scheme useful to fabricators.

We have explored the aforementioned tests. Test (a) islrapid and
reliable. Test (b) requires a filtration and consumes more time (30 minutes)"
than is necessary; we have simplified this so that the test can be made in

.10 minutes by using a perchloric acid leach, dilutihg with water and adding'
the diphenyl carbazide directly to the solution in the test tube. Tast (c),
was not able to differentiate A-172 and Volan for us; nevertheless, it is
useful for a confirmatory test. On the other hand, we considered 25 minutes
as much too long fore a quallitative test; therefore, we modified this test so
that it required only 10 minutes.

We have developed a much improved qualitative analysis sctetze wvU.cti
permits rapid identification of A-172, A-ll00 and Volan-finished and of unfin-
ished glass cloths by an operator who is not a highly-skilled chemist.
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All the tests outlined in Appendix XI are applied directly to
the cloth and can be performed rapidly by a nonskilled operator; the
approximate tine necessary for each ranges from 1 to 10 minutes depending
on the test (See Table 2). Very specific tests have been established for
A-f100 and for Volan-finished cloths; however, for A-172-finished and for
"blank" cloths, the tests are somewhat less specific and confirmatory
teAts are recoamended for positive identification.

Since A-100 finish can be identified immediately and speci-
fically with bromoresol green or sodium nitroprusside and since failure
to eliminate it from consideration might introduce ambiguities into sub-
sequent tests, a test for this finlsb 8hlfl-l1 cerried out first. Both
bromeresol green and sodium nitroprusside impart a color to the A-hOG0-
finished cloth by reacting with the amino group. The bromcresol green test
is more rapid and is somewhat more sensitive than the sodium nitroprusside
test and should, therefore, be used as the primary test with the nitro-
prusside as a confirmatory test, although in our experience no confirmatory
test has been required for A-ll00.

The second and third tests to be performed (see Table 1) on the
rdmaining unidentified cloths are the Meth1lene Blue Wick Test and the
M ylene Blue Color Teat. The "wik' t.c Is based on the fact that
A-172-finished cloth is water repellent and, therefore, does not "wick*
up an aqueous dye solution, while the other types of cloth readily "wick"
up the dye. The "color" test differentiates A-172, Volan and blank cloths
since these cloths each show a different shade of blue when dyed with the
methylene blue.' Since neither of these tests has a known, sound chemical
.basis, erroneous results may occur from time to Lime due to such things
as poorly applied finish, contamination,,6tc. Therefore, it is recommended
that a confirmatory test for the type of finish indicated should be made.

The .IpIenyl Carbazide Test is a specific chemical test for Volan A
finish; chromium from the Volan A coating is leached and oxidized with fuming
perchlorie acid and is then diluted with water and reacted with diphenyl
carbazide to form a red-colored complex. Where facilities for handling
perchloric acid are available, this is the test which should be performed
for positive identification of Volan-finisbed cloth.

The Rhodamine B Test, unlike the Diphenyl Carbazide Test, is not a
chemical test. It is instead a dye test which can be used to identify A-172,
blank or Volaan cloth. This test covers two procedures; the first of these,
a modification of the Boeing Airplane Company's test (Boeing reprint D312159),
distinguishes blank cloth from Volan or A-172-finished cloth and the second
procedure differentiates A-172 cloth from Volan A and blank cloth. IdeMnti-
fication of Volan A cloth, therefore, requires usins both dyeing prtcedurer
since it will dye with the first but not with the second. It is good practice
to carry along a piece of cloth known to be unfinished through the procedure
as a control, since differences in technique of individuals could somewhat
influence results. When hana•ing dyes, such as rhodamine B, rubber gloves
should be worn to protect the hands of the operator from stains, and tveezers
should be used to hold the pieces of cloth being tested in order to avoid
excessive handling.
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Any of the four cloths (Volan, A-172, A-1l00 and blank) can be
positively identified in about 15 minutes and all four can be distinguished
and identified with assurance in a total of about 25 minutes. The entire
scheme is described in working detail in Appendix XI.

V. New Quantitative Methods of Anal sýis:

A. A-172:

1. Leco Carbon Aparatus:

The only method previously used to determine A-172
loadings was the total carbon determination using a conventional carbon-
hydrogen train with platinum catalyst. This method is quite reliable,
provided the blank carbon is known. The conventional carbon-hydrogen
train has been abandoned in favor of the "Leco" apparatus for total carbon.
This apparatus is far quicker and simpler to operate than the classical
C-H train and is described in Appendix XII.

It would seem quite logical to develop a method utiliz-
ing the double bond in the A-172 molecule, calculating the amount of loading
on the basis of bromine absorption; however, our experience has been that
bromine does not readily add to vinyl groups attached to silicone and in this
case we were dealing with vinyl compounds which could not be dissolved from
the glass and which in many cases were protected from the bromine by over-
lying A-172 finish.

2. Ethylene Evolution Method:

About 1950 (unpublished work of this QC.,< - it was
found that strong acids such as sulfuric acid could cleave certain groups
from silicon. In the present study we applied this principle using phos-
phoric acid to the determination of vinyl content of A-172-finiahed glass
cloth. The postulated reaction is:

2 H2C --CHSiO3 /2 + H3 P04  2 C2H4 + HPS + 2SiO2

The validity of the assumption has been verified by mass spectrographic
and gas chromatographic analyses of vinylsiloxane resin prepared by
hydrolyzing and dehydrating A-172 and by comparing analyses based on carbon
with those based on evolved ethylene (see Appendix ''V1, Table 1). Tb
utilize the reaction, the evolved ethylene is trapped on cold silica gel
and subsequently determined by gas chromatography.

The obvious virtue of this ethylene evolution method is,
that it is specific in the area being considered (A-172, A-1100 and Volan).
It is furthermore the most sensitive and accurate means of detecting vinyl-Si
groups easily surpassing the best colorimetric tests devised, It does not,
however, employ simple laboratory apparatus and it requires about one hour
to complete a determination. This should be considered as an umpire method
and should find application where more exact information is required, parti-
cularly in research studies.
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The detailed procedure is described in Appendix XIV.

3. A-l7 Control .Test Using Rhodamine B;

To meet the demand for a rapid, simple control test,
we tried a number of dyes after having first shown that it was not feasible
to extract the finish from the cloth for this purpose. Boeing (reprint
D3-2159) showed that A-172- or Garan-finished cloth could be dyed with
rhodamine B, but that Volan A also dyes. We have modified this procedure
so that Volan A no longer retains the dye. This modification has been
described in Appendix XI, Qualitative Procedur To apply thi.s in a
quantitative way, we found it necessary (as witn A-1100-nitroprusside,
below) to grind the finished cloths before applying the dye to expose all
the layers :I v"nyl•• olxanc.. The procedure is detailed inl Jp1pe-j4JlA )I.A

B. A-llOO:

Existing methods for quantitatively determining A-1100 load-
ings are based on total nitrogen or total carbon determinations. A method
for deter.,mining total nitrogen by sodium hydroxide fusion of the' "finished"
cloth and titration of the evolved anrumnia is described in Union Carbide
Corporation Silicones Division circular SF-1096B and in a publication by
Bradley and Neal [nal. Chem. 51, 1925 (1959J7. This method is specific,
sensitive and precise; nothing more reliable has been found.

The total carbon determination had always been done by the
classic semirmicro carbon-hydrogen train, using a platinum catalyst and an
auxiliary trap to remove objectionable oxides of -itrogen; however, we have
found that the new Leco Carbon Determinator can turn out carbon results
extremely rapidly and with satisfactory precision, but interpreting the carbon
values is sometimes difficult because of variation of carbon in the blank
cloth from batch to batch. No such uncertainty exists with the nitrogen
method. If a reliable sample of blank cloth is available, Leco equipment
and method stand out. It requires only six minutes to determine the A-1100
loading by the Leco method and one hour by the more specific nitrogen fusion.
Appendix III offers a comparison of the nitrogen-fusion and Leco carbon
methods. The Leco method is described in Appendix XII; reference to the
nitrogen-fusion method-has been given.

A rapid colorimetric control test using sodium nitro-
prusside for estimating the A-1100 loading within 0.1% has been developed.
It is necessary to grind the sample before making the test in order to
liberate the amino groups for the nitroprusside reagent. Probably the
reason for this is that much of the amino-alkylsiloxane is present in a
multi-layered coating and the nitroprusside either cannot find the aminos
or, if it does find them, the eye cannot perceive the color at those points.
The nitroppizsside amino color is not stable for any appreciable length of
time, therefore, it is necessary to compare the colors as soon as they are
developed. Details are discussed in Appendix XVI.

We have also been able to compare the colors produced by
A-11O0-finished cloths when treated with bromeresol green solution. A
quantitative procedure could be but has not yet been established on this
basis. The colors produced with bromcresol green are more stable than
those produced with nitroprustide, but the latter are more readily differ-
entiable.
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C. Volan A:

DuPont recommends using a total chromium determination to indi-
cate the V6lan A loading. This seems logical since chromium should be a
reliable parameter and its determination can be effected expeditiously. We
have developed a method for the quantitative determination of chromium in
Volan-finished cloth, using a sodiumL carbonate fusion to "open up" the sample,
following with oxidation o: any unoxidized chromium with permanganate and
subsequent titration with ferrous sulfate. Time required is 35 minutes.

Serious consideration was given to determining Volan A on the
basis of a carbon determination, since only six minutes is required for this
determination by the Leco method. Unfortunately, the loadings as indicated by
the carbons were significantly lower chan those based on total chromiums. To
make sure that we were not missing any of the carbon, we ran several check ana-
lyses using red lead flux to ensure absolute decomposition of all carbonaceous
material. These check analyses were run with hot catalyst following the com-
bustion zone to make sure that no readily volatile carbon was avoiding oxidation.
The results showed excellent precision.

Appendix IX offers a comparison of Volan A loadings based on
carbon and on chromium determinations.

We wished to develop a rapid quantitative control method for
Volan A, similar to those developed for A-11O0 and A-172. Since it was
established that rhodamine B would dye Volant-finished cloths, we explored
the cuantitative aspects of this test.

The Volan cloths available to us at the time were those listed
in Appendix IX. Note that the maximum spread in loadings is only 0.08%. When
we applied rhodamine B to these specimens using our grinding technique, they
were indistinguishable. The specimens had acquired a good color but it was
apparent that we could not detect differences of loading of less than 0.1%.

We then tried to prepare more heavily loaded Volan cloths
(Appendix X) using the DuPont procedure but we were unable to produce finished
cloths carrying more than 0.2% Volan A expressed as the polymer, C4 Hdo 5 Cr 2 .

We, therefore, abandoned efforts to develop "quick color
test for Volan A loading.

Appendix XVIII includes two methods for determining Volan A
loading on the basis of chromium content; one is the Na2CO fusion method'
mentioned above, the other is a perchloric acid digestion method.

VI. Electron and Optical Microscony:

In order to obtain a better understanding of the nature of these
finishes on glass cloths, electron and light microscope studies of the
bland and finished cloths were made.

Light microscope exa½;iation showed that a typical strand in a
glass cloth is composed of a bundle of cylindrical filaments whose diameters
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vary between 5 and 8 microns. 'Ihese rods are not tightly packed, so that
liquids and gases can penetrate to the inner rods with varying degrees of
ease. The exterior of each strand is show-n to have a corrugated appear-
ance (see Appendix XIX). When a cloth is treated wtth one of the finish-
ing solutions, the solution on the glass strands tends to concentrate In
the channels formed at the intersections of the filaments. The result is
that, although there is probably a fairly uniform polymer finish over all
the filament surfaces, a major portion of the excess loading will deposit
in the inter-filament channels and appear as oversized agglomerates whose
attachment to the substrate is not as secure as that of the amaller parti-
cles. This buildup has been observed with both phase and electron micro-
scopes. See Figures 1, 3, 4, 6, 12, 13 and 14.

A. Electron Microscopy:

It is interesting to compare the electron micrographs of the
three finishes. Remember that these are replicas, not direct photographs,
and that you are looking down at a cylinder (or corrugated surface in part)
which has been unfolded and laid out so that you ..my see the imprints left
by the surface irregularities of the specimen.

Figure I shows heavy strips of A-1100 resin mnning parallel to
the filament axis. These strips, located in the channels between two fila-
ments, represent an appreciable fraction of the loading. Observe that the
distance between the strips is 2.4 microns and that the distance between the
outer edges of the two strips is 5.7 microns. This is rational with our
description of a glass strand composed of cylindrical filaments 5 to 8 microns
in diameter. Notice also the much lighter loading between these strips. This
will show up better at higher magnification.

Figure 2 shows a 'smaller area of the same A-1100-finished
cloth after it was extracted with water for four hours. The magnification in
Figure 2 is 80,960X compared with the 21,440X of Figure 1.

Figure 3 shows an 80,960X magnification of a 0O1% A-1100 cloth.
Note the tendency to fill in the inter-filament channels. Compare this with
Figure 2 where the magnification is the same and the loading nearly identical.
Observe that the field in Figure 2 is much more homogeneQuO. The specimen
shown in Figure 2 had, previous to its water extraction, carried .1.6% A-1100
(Figure 1) and this was reduced to 0.08% by a four-hour hot water extraction.
The specimen shown in Figure 3 had never been loaded beyond 0.1% and it falled
to acquire the homogeneous distribution desired. This may help to explain why
it is necessa"ry to load cloths somewhat beyond the theoretical requirements
in order to attain satisfactory coupling performance. 'This does not mean
that there is no finish present in the smooth areas of the picture. On the
contrar-y5 if It were possible to have an absolutely smooth finish, it could
escape detection by this techtique. This will be discussed more fully later.

Figure 4 is a low magnification (9240X) picture of A-172 finish
(0.47% loading). Notice how the deposit is concentrated towards the inter-
filament channel.
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Figure 5 is a 66,500X magnification of a 0.26% A-172 loaded
cloth. The loading as calculated from the electron m.ricrograph is 0.19%.

Figure 6 (21,44OX) shows an interfilament buildup on a
cloth whose average loading is 0.26% A-172. The loading in the inter-
filament channel, calculated from the micrograph, is 2.43%.

Figure 7 shcws, at 66,500X magnification, a specimen
which had a 0.0$% A-172 loading based on chemical analysis. The loading
calculated from the picture is 0.05%.

Figure 8 shows a heterogeneous area of an A-172-finished
fil ....t rom, a cloth whic- waw 1huwn by chemical analysis to have an o.6%
loading. The calculated loading for the fibld shown in this plate is also
o.6%.

Figure 9 is a typical area of a Volan-finished cloth carry-
ing 0.13% Volan A load, We have not developed a methematical formula for
calculating the Volan A loading from the electron micrographs.

Figures 10 and 11 show surfaces of heat-cleaned filaments
indicating respectively the maximum and average roughness to be expected.
This should aid in interpreting the electron micrographs. Note that these
magnifications are 80,960X. Micrographs at lower nagnification should show
little or no interfercnce from this background. The mathematical formnula
developed for calculating A-172 loadings from these electron Micrographs is
included in Appendix XX.

Considering the nature of the deposits, particularly the
A-172 and the maximum roughness of surface which may be encountered in tbe,
blank, it is impossible to interpret fricrographs of finishes where the load-
ings are below 0.02%. This wi4l become clearer if we consider (a) that our
replica technique cannot, with certainty resolve (or distinguish from
blank roughness) particlesof less than ý0 angstroms diameter and (b) that
a monolayer of 5 angstroms hemispheres of A-172, tightlypacked, would only
amount to 0.01% loading. If the finish were a continuous, smooth film
2.5 A thick. the loading would be 0.017%. In neither case would we be able
to see the deposit with the equipment and techniques we have employed.

To speculate further, if there were a continuous, smooth
-finish 25 A thick, it would amount to 0.17% A-172. This might be possible
for the cloths whose total loadings were much in excess of 0.4 or 0.5% but
such an idea is not consistent with the data for the lower loadingswhere
we are able to measure and "see" as mach loading-as we can find by chemical
analysis. For example, Figure 7 shows clearly resolved particles iwhose
calculated conccntratio. of 0.05% agrees wiub bhe chemically determined
loading of 0.03%.
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As far as co~iplim_ fc~c scaen% it ahould no1 2
tz e wh-ether týhe 'Lina i s-,"s a continuous f iL"-- o r i n+t-e wit t ent 1 islands,

JuSt- so long a s th.ie Coupling sites art Plentiful and never too far -digtant.
frot7 nlearest ne;phnocrs.

FiLE-res 15ý and IL shqOw 4nter-fi"amer;b~d~o oa
onVO*lan-finis-eA cloth before týhey were washe- ortoeecsssls

-A-172 finish, on, glass. f 1lane~nt s at mxann nai-ficatiot. (otLý %rr.erasion.
lens) using - icronenýer eyepiece., _the z3cale of which is su~perimposed .on

spe snc ien, ,rTh~e sma) Iles t diýi s ion- on t.he t1.,crometer scale is egy4al to
6,2 _muicron_, I-t is. apparent th at on the heavily. loalded c'loths tCh ere s5

..sm buildu ofgrs sp.'reia - atia~s ncw-4ýn f o 2 micr' ns -dia.ee.w Viita-lo

areloeyatce.L.cd these extra-large Datc~ a e ltce
by stirr~ng the preparzation-in oil., .. Fort-unately, týhese extra-lar-ge particles

*are seldom- found on cloths loaded wi~th less than 0.6t% A-172, alt-hough they
have -been: ob-serwed or ~b C~f ouy 0ý.5* loading; they aire sLound 4ith'
inr-easing fPrequency on the more heavily loaded- cloths. Thie --endenc^y is f or

t'he grosser buildup o f finish to occtu' in the channel s of" the s,ýtrand.

Atteampts were made t~o study t h"e f iri±s haes on t~he glass fi-168
tnents using a phase microscope-and an A-O-Baker interference tecroscope.
Mhe wbp!ase. mlicroso-pe seem-ed to offe~r somie advantage in obs5erving the ty.pe
of Pa rticles shýownr in F--Igure 12. -The int1-.erf-e,.ence n~icroscope would prcbab-Ly
be very usefu.l for measuring the thickness of extremely thin, ztranispaatent
coatings on perfectly flat", thin, tCran sparen t specimiens, since It I-s ratled
As being capable of, 9esrn /30oawvength of light. -This would
imply that, coat-ings IC A Thickl, migh~t be meas~_a~ble. Unfortuanately, the
coatIngs that we wer investigat.Lnag were. on a cylInd~a susrte.dw

k, weental-o det'ect any-thing Anlh th4 s microsc-ope -that co-ud not1 be-
obse~rved -eqially well *4T-,h an ordinary li gh t- icroscope.



APFENDIX 11

Relationship of Flexural Strength Properties of Polyester Laminat-ta
to A-172 Loadipgs on the Glass Cloth Reinforcement

Average Flexural
Eatimated % A-172 by Strength, psi Per Cent % Resin Miicckneas

__A-172 Carbon Analysis D 2-r. Boll- Retention Content. es)

0.0 -- 58,200 37,300 64.2 34.7 0.116

0.1 0.104 74,200 6 2,500 84.3 34.0 0.116

0.25 0.245 70,40. 69,200 98.5 34.6 0.117

0.50 0.524 73,800 70.6oP 95.7 34.6 o.lr7

0.75 0.655 72,500 67,c0 92.8 34.5 0.115

0.82 ,2 ,000 69,000 95.8 35.7 0.116

2.0 1.66 7oooo 68,00o 97.2 55.8 0.117

Lamninate Composition

Resi ................ Paraplex P-43 (Rolm and Ha"a)
.Ailuted with I.0 styrene

Catalyst .............. 2%L .perco ATC
Reinforcement ..... 1.....2 ply, -18. glass cloth
Curing Temperatures . .. I hour at 145"F., . hour at 2450F.
Pressure . ...... Pesased to 1/8" stops
Laminating Procedure Standard wet layup
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APPOMfl III

Relationship of Flenui-al Strength Properties of Fbenolic Laminates
to A-.100 Lodings oza the Glass Cloth Reinforcement

Avg. Flexural Strength, psi
Actual. A-1100 DetCa-5-57.Thiak.-

Estimated By Carbon By Nitrogen Room Temp. After 100 Hours Per cent % Reasi ness
A-1100 Analyi e Analysis D at 5,OF. Retention Content Inches

0.0 59,500 13,200 19.0 28.2 0.112

0.1 0.10 0.08 83,300 45;900 55.2 27.O 0.104

0.25 0.19 0.27 32,200 43,200 52.6 28.1 0.109

0.50 0.41 0.59 80,600 51,900 64.0 29.2 o.l4

0.75 0.73 0.76 77,900 54,500 69.0 31.9 0.118

1.0 0.920 0.96 82,500 52,300 63.4 25.2 0.l0

S2.0 1.4 1.6 84,300 48,500 57.6 29.4 o.11.i

Laminate Cooosition

Resin ...................... V-204 (Plastics and Coal Chemicals Div.,
Allied Chemical Corporation)

Rel-forcement .............. 13 ply, 1 8 1 glass cloth
Curing Temperatures -

"BI stage .............. 3 minutes at 265°F.
Press Cure .............. 30 minutes at 290*F. (200 psi)
Postcure ................ 1 day at 110C., 1 day at 150 *C.,

I day at 175°C. and i day at 200%C.
Laminat-4ng Procedure ...... Standard dry layup
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APPENDIX V

Variations in Finish Loading
in Co•rercia1 181-A-172 Cloth

10.35% 0.48% 0,48$

7" 0.41% 0.37% o0-4% 0.5 o.42%

0o.41% 037% 0.39%
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APPENDIX VI

Variations in 7inish Ioading
in Co~merciaI 181-A-ll00 Cloth

A
0.•4* O.32*C. 0- O .55 -"

43" o,539*
0,25•*

O, 43* o. 4o-*
o, 38** o, 35**

S% A-1100 based on % C uaing blank .of 0.015% C
*4 % A-110, based on % N using blank of 0.001% N

Comercial 1.81-A-1lO0 Cloth (Larger Samle-)

0.45* O.4*l 0.38*
0,35** 0,33** 0 .30**

38" 0143" C 43* 0.44"
0.355* 0,2 8,* O, 33

0 06* o.45* 0.41*
-0,36* 0.36** 0,27*'

4- 201

* % A-110C baaed on * C using blank of 0.015% C
% A-1100 based on % N using blsan: of 0,001% N



AFPflDf vii

Variations in Finish Loading
in Co~rcia]. 181-Volan A Cloth

0.05* 0. 02*1

5' 0,04*

0.08* 0.05*

j 0.02* 0.04*
0. 16"0.17*I

* Vol=nbasedon % Cusing bl~saofo0.015%C
S% Volan basedl on % Cr
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APFEIfIX VIII

Four-Hour Soxhlet Extraction of A-flOO-Finished Cloths With Water

Per Cent Per Cent Per Cent
A-1100 A-11O0 of A-1100

Test Loading Before Lcading After Fimiah
Number Extraction Extraction Renoved

1 0.25 0.063 75.

2 0,38 o.o63 84.

3 o.48 0.048 90.

4 0,73 0.11 87.

5 1.50 0.079 94.
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ApFDII ix

Vol". A

Per Cent Vola= A
Per Cent Vol=a A hed on Per Cent

Per Cent heed on Per Cent Carbon (0.015% C
Clot~h. Chrcctum Per Cent Ohrmium Carbon Blank Subtracted)

Comercaal 0.057 0.21% 0.023 O.04

Conarclal 0.p69 q0.16 O.022 0,03
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APPENDIX XI

-QUALITATIVE TEST PROCEYJRMJ



APPM•DIX XI

Qualitative Test Procedures

Table 1

Scheme for Identifying A-1100l
A-172, Volan and Blank Cloths

Bromcreaol Green A-1100 (Confirm with sodium
mitropr'iside test)

Methylene Blue Wick Test -? A-172 (Confirm with methylene blue
color test or rhodmine B
test - Procedure B)

Methy).ene Blue Color Test-- Blank (Confirm vit rhodamine B
test - Procedure A)

L-, =Volan~ I (Confirm with diphenyl
carbezide test or rhodaimine B
test - both procedures)
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1,lj Vnrap al~out' 4,6 feet, roF the4 ciclth fxucy the roil and týhsn
cut a str-ip 1/2- Di, x 4-5 in, of the cloth i~ron hi V Smw srs;ae tain otherc
wordt, do not ~Fal4)!e ti-c outer wica-1 of tlie roll tihre it hat prc4.l-mbly
b~een handled,

2 k tach a cpePr clip to one end 01 the *triprl Str
serve -as a iht

'Inga th! -Cloth in am 'beaker and4 a,*tacn tht nther mnd of the
strip to t.%N rix with unothdr paper ci Thet ztlip z w;L:z;t
should touch týhe bottcm of t-he bcakcr0

4, Garefully7 add abocut 50 ml. of the dyeý ýAýtlc~nat vn ith a

St i riaz rod or s-Patula, VLtth t~he otrip, agaLnst thle .beakgr Wall bu~t do,
nOt 4Vt the d-0 Solujtion Oil the e-%PoS~d oa~t Of ide'Strip

t Oreve if the btlip of cloti %1ýl~ck4 ti" the dye 6z1utic11

mt tth-v otw Bituv Colac Test cantr. be ud to d-Iv tneuL: -?2r
V~C,14 ?initF~td "t *blezzkNý 'fitdCloth's irqu eC&h othe;i A~-1100
ýtemated- cloýth 40A not rZcxdi if C0t hrutiable Xiz-= thezos, coloký dii~tfere1ceo
Aacn4 tht,!". typ5s of Clotho tr6' ki!.a4t app rdnt W!1ian "the zle5t-heq -Atc d"V. I±
th;. cloths txscc-, Iry; vett n1r. with a fcýv 'w44 ovfl ~Waver willi12stl
TýZltcr the C-ZlOjth. 4OcD4ýu-as -Ulti $.V drg4i"n C," t~ ~ O$

ow'~at~ona lda, on dryseanw

Ath-blue, A-173 tatdcthis waedizbi bluz £razhi.of lt~dlz
-ad YVois I &a.41 ,dod -clh is o Uht bXlu &4lOO s-mpe hoald aot b

ine la L a VU S test (se&Tbtue Vf?) t-rnt otý the dqt carit be bifl ed fCrme
Arl 1Z0 trea-ted Clot1h -amd that teA*ch eeattu* Z-41e the lt a bl uns coior,-
whiL-0h cculd bz conuruzd ,'~Ifth tlie colovs Of A-172 Or volsr ln$Tiahzd clotihs.

If the ;16th -;o b*-tend~cd dots v5 2ye Mceli Iwitkthe "A~ s 01 t o oht
the suwficel C thje cloth can" be robbed with a lar stirring. rod ridl6e-
the clothll 2nStIll in the SoiLUtient14iav-der. to iitZduee ac~e dye to 10m
retti ý9;dt thite bqeisvior indlca-tc6 A~-172 lfbish;ea cloth.-

* Qo~%$olut-ion cof r~tyz ldue in water

-2. 1C4 R4-t.nkere

a d Pieccz (Thoxtý0 On,- Iimýh equ~r~>ed!f tecloth;, to b,--

,tat4d THt..cki~ bu eIt~ to bu •tondi ec~r



911b ther eufc~Of thle cloth witlh a glass rod to make Ithe cloth Pbawoxb-
scme dye ý

2. eIuOVe theý Cloth Withi tweezisrs and waott siCf theý excc-fl iyw
by ipu h iiu n a bekC of Ltei

3, LE~y the agccimien on a pap;ýr towAel (or othera'srsn
material) and i;=ediately observe the color of tne clot.h'.

f~iolsSbic `'lanQ' untiLeeated clot h

LISht blue Volall treated cloth

Simlitd, yedspairansare Iccaat"ed
rl a '3ZŽCtp : bacL- ccver page.

The, plldan'm~.mý B fctst, proce-dure A Togethar with rr~-t&,can bzi
Used ti dIffe'rentia.te Volan and e-%-11 iiah,,ý ed ~ ir~nfhne
Clothe f~c,,, tech othler. The fi'rst prace-dur& a noidif~tatittCn ;;fL

~c~e~ Alplat Goeny' flc~in S tatdlstingulohies %lbant'clt
ir~Valn2o A-17¾ .ftýýShed clcothl theý sccond ~rcdr ~trtaes

A-I' fLL-:asd clOtL froi Volta A orTIhlb4-nk' cldtit. A¼-101) finigihe

cl.oth cznnot, tbiste by this tedt.

If ljrCWed;,re A iS ,,ed; "Vlazz~as clothL cntsi be bnibcd free (or
al~M tee)of the p~itiý dewihi"fiXede tb he-t, whilt Vcl--n

or A--¼72 fin~shed cloths tetýaiv devc~ert &fter wafiInj thet c;ase o±
?rce~u ~ hicli decti noat 'f Ax' ' the dye on the c.¶oth, by bealt1 all, (or

F-UJt cI) of the dya c~ai be asd fro's Volta treated or HbŽ&.$jtt Cloth!
A-172t~eatd clo h1 hoseVer, retainsrj p~nk d4ye eraeZ zher4aivg

Pox lbotb of the~ie prOCedurcs, n~ piece of Cictti ktzcsns to be6 Nb1un!k

u~t ~u~± n"ts u .tti,"eisiy oýst ~roumlh thez pr fecLire
an a control.

!1, OI% $olxutior of rbosiatmin- inl ctg:tha no

WAT)



Procedure A:

l. Cut a onE? loch square pie.ce oF the cloth to ba e~sc

tDi1p It in the dlye soluti~on for 5-10 s!;cords.,

3,~ Lay it on a paper7 tow&.q (or somze orther abiosbert riat-erial).

?ý- thcn dry it at 11U0 0 C, fcr 2-3tinutus4

-1 Rerlove it from- the Oven and %,&ash Off thle excess dye by
hodng thim cloth fur 1-2 a~nutea under t, stro,.ag st reatz of runni-ng wa~ter,

t. Carry a piec4 of cloth -which is kntywn toý be Thiank-" unfiniishlmd
Cloth itazOush tLQ procedure as a nowntrol. All (o,:,r &imost all) of the dye
should be washed frc3 thic llblank3 "

o,ý Observ& the colore, of the sarh~1e and the 'ln'

C~olcnrles2 (or faint pink) "Ž Kflank,"~ untreF.tc-d clcth

!ink -l Volan or A-I7t treated cloth

?rncedute q3:

10Cut a one i-nch square Piece of tht clo-th to bo teete-d,

2, DAIP it 16 the dyt ri~dtlicyc for S-10 de~coudtý

- ~ Rnovethe~lrh fri the !olulion tim, KT~lATY ash OfIf
the exceazt; dye by holding the clJothl for l-2 mimxtes unde~r a sitrong atfetv&2

0± 4, r'in vaiez, If the WeMfl fromA the exct,ýOz d -aolutioul Ais al ced to,
-Voiatiliks before it can bet ýa;Sbcd of f, ~oe reczflts =y c-Ccut

41 As- ~c 5 of Procedure A, carry ;a blank, through t:7,
proceýdure. - Again, it should be coiolozleg (or a1most colorless) afte'r

tObserve the Lolurs of the- sample snd thýe llbiank0 1 ý

- Pnt 4 A-4172 1'recated cloth
Colzo.le~ss Volan A atThanC a iciihed clahý

r~.tetis thnost specxrlc, £~ioat r'elzbV± ana Mo5t -se;a5ttie
tcaOt for, Vo1¶fl U~nis12C ildsz cloth a-nd shfoold he use Jhn~rponte
.It Las ta iz''naethat Proper facilitieýs fca haadlixw, and f t~ing

conan~~atd H10104 estbe svcilablt 0

* hnVolaln A clothl i f Uzed withL U.r16 4 ,c.ix" il iaehed anld
oxidizedt the chro~iitma then Is reactei-d- with ipe2 cerbcvzzide- sazd a
aoldf-a cczQiex In fow:4cd. ¶h~erefoce:ý' mt Pink color 2tr ihe olto
indicttez Vola n A j~atiiug; ljlbla= weCilaiahed, and A4172 ant! A-dlOO
ftilished coth yziel& no color with thze dipheuyl cart~axie



1;200 x 25 kt!!. Test tubIes

2ý Concentrated HCIO4 (010rk

4,SaId bat~h

5, Hot plate

rF JGL7 tt # ik

1I Cut, a onie-half inch square piece of cloth and put' i~t i-nto a
clean tEst toibt

2:, Ad~d 2 ml. oft WOK) 4 Qtbaut Sochip)

3. -Insert the hOt t =, onie-third) of the tceat tn1a ce into th-e hot
'Eand bath-I for 1 S* ~an Ute, e Th-ee H0104 Must- C~e atrciPnvly durlng thide pr

4. Rc'ovea the t-ube f~rm~ the :and bath a~d Mfte: at~out I mti~tc
cool uoidar rLifmLL-4 tstIew,

5. Carefuilly dilute- the contetz~of the t!.i t 20ý-a5 ýi with

6, Add! S-llid Gipwnyl tIruie i Itl&cstFa& N
A's atspatul .. At

7 N. Nix, 4d ob~erv; a p ink ~lor indhs;tn a oitn A.

WARING Cbrveprper taiafety p~rec.xautions for W-10-O ±in biA-It

hsadlinig and in, equ~lpaýnt cuc 5s ftas h Od yen-ta; et::



AX4Zti'ifl zt;g

or � � �4tE2

Lt>5 JA.�'&�T �t�Ars>� 24I�JP



DY1$FTM1ATIC- OF CAMtbN IN CLASS F;ABR(CS

LIOTiO (AtSCN D-PTRMINMJR Waef WTI)

Beor ~te~pii~ hi d r{~tir¾the be~ zrt i thorvaixgl-v
iam~t~Witl- thu t ~&tutc ~t1for Or3ý2! Ztivl rd Leco NO, 51$1

Conductcipotri-c Carbon D)eterzdinatorl an:d tLGh Istutoa ina folr
Opegat'."mof Laco Xndmi~tion ?nro~.~ priaciplae of thb, n&tadxe
uucp42&ifld iza the =aanua1st, Nsu;aaould be 4ccurate- to 4-0.005% Car~bojieý

Mine prcý-ca2dwc' deý6cribttd Iht-ie t b~e -en Laid su afayt!) detentine
a ~~of on72 AL1CF.o Va;filsoo

ILacz Ucate unc odel 521, 5P?2 or 523

Lect~ Ra, 5J. LOO ;10,t~er~ Cnbo. 5t' zator

4. Qtt-rtr c Icie-cc -Carboi± CCUnable -Lecr C&¾a1vg No.

Z~i tclAto LeCo C4&talon Neo 501-777

t Ozcibleo L!oGo Cg4alog kt2& , tteat agucibiz is r to bo.

in floniig Afuer burmtwjr cxucible-j zsusit-bc biwided with tongsa to
pttea~c~ttah~iutvitb 0i'l Crcut~t ~~ tht, etwclble&i Dzt

8,~v~tfursiae at- 22O000P.

10, TWOe.~larz

12g UriAblec t.-runszitfrr

13; ~~$ zt~n~ Fte P



to r4-ure Y, K.-4 trdYesiia o: Cporartiou a," Leco Xrldttaion

2.Uýizij a quaýctz eiiclocAd carboz 2. -See 'leitcx !a1
cvuciblo, bl1rtk Out thc Couabustions tube for Op&Uu 0t.c .o.15D
atl! a 7esistfanctY of 0.5 O~zs or li CtutottcCtsbou Dtaterui.Q%-
is3 obtMoirWed, Die a nt-ýýiabli2 trarniforatwr tfitA
tc ;av:5 pta~c C;..UAvrsri tOýo Aa0in

3, eislg 1.50 .t002 6. Ol iron 3.X & cceleratoz Coi-Wt,-ns
one sco --ý ararb5n a-a4 tbet4red- auet- be

Csptbaey0,7 S.) of tin £ccelot- WC-41hed c~eA~c'Uacael y.

Pttezidr-v tcrf tvaix; the i;URMC tlm

fc C'ivt ti =-w iz U atsrae af oqy~n.

~t'i- a=4jt'cni ta-&p fatl

s~~~~~~~adtl 0dttl$i .Lo itoandtFý*

7. ;Obtsiu thre'e a44itionAl points 7 P otIcwL exrAct~y tht proý-
fox the *tn -tx urvýe byl brcain4 Iran ceckix-aaed -Lt atena 4 tad 5,

'tz tIn &tylea uoaixerd with 0.-2?3 C'Utsudard wtefl 1k6" ccut&iran
0.4 anid 0.7 ;,off MIS statard s3teel 0.027ýk clrbOný
1'0CA 4  Vlot reclx-a~nce of the Da(0M) 2 -

8, ibttgs onyWcnars tlo hJnwlie 8, Cafe must be takeu tfo
giaae cloth., CrW tht s .a.,e ito uAemv pre-vent rknvlea fromm contanina-
bsrlg irhi pieuit, Welsh 500 si,.. of tu ti lticloth, idl oll rawl

cl;Atb tio tlhe ax nilligfrci 'Ayd tr" tvusT be abtcat f r e&--

9, Cuver ýýcflt' with 4rouita t"n 9, See tepa 4ZLnd S.
,~c-c~rimAr ~z and batrn usiu5 the

aau'e 46h~it aU wed in the c-eta-
,inz1.ot ; ti blt &aa ths poimt-n

totr Uv t~4~dcuivt



10, Mca-usur e the re ,ixlzistsnce oi l:
Ba(OH)2 solution a.nd read t'roia the
Standarcd ctusv, tbe tail llrafnt of ca~rboz:

rqztŽ~r~tii, thi'lfs r2eilxtz~rxnee

r .lraizhmý the izelt in th& lentgi zlk£utb
cruclbl&uciard- Ifcn T&1,i

12, CaICnlcILte the pvcctn-t caz4--no
L1 ftze! 4&ra~ple,

% ~ug of 6=-V Ple

ADD, Mff&kp
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EARX >ZWO ,O
it DETERMINATION OF CARBON AND

HYDRC I • N• ,, SILITCON-ORCANIC COQMRAO•S

INTRO DTOCTOY7ý,:

"the equirment, appara-cus and techniques used in the detemnination of
ca-~on and hydrogen in siltcon-organic compoundc are In. most respects
identical with those used in orEanic chemistry. There are two notable
exceptions to the precedtng statement: (1) In the combustion tube catalyzt-
filling, ,lat-i;zed Aifrax pellets (see wreagents) naust be used to obtain
complete decomnositicn of silicon-oarbon compounds, and (2) the ignition of
the siltcon-organic compounds zast be conducted slowly and at a low initial
rnemperature. LAw results may be expected if these exceptions are ignored.

I. .Reagents:

A. Copoer Oxide C aavst

Dissolve 60 grams copper nitrate in about 200 ml.- disýt"l•__led
water iin a porcelain evaporating dish. Add 100 graEm AloxiteW (Carborund'ua
Company brand alin,,-Th oxide cylindrical pellets, 3/16 in. x 3/16' in4) and
evacuate under a bell ja-; this draws the air out of the pres of the pellets.
Wheen the bubbles no longer arupt from the pellets, release the vacuum; the
copper nitrate solution now rushes irnto the evacuated pores. 4Etgsr on a hot
plate for one-half hour, Decant off excess liquid and dump pellets onto a
wire, gauze. Heat until dry, rising a direcs gas flame, Fina!ity ignite in a
muffle furnace at 8000C. for one hour.

B. Platim~ Ct.--

Dissolve 5 gramz platinum chloride in abut 75 il. disttlled

water and traosfer to a 500 ml. porcelain evaporating dish. Add-10 - a IQ . .
Alcxite pellets and coaplete the preparation .Jus-t as was done with The copper
oxide catalyst.

0. -Silvrer. Catalya

Prepare similarly to the platinum aind copper -elLet' usi4ng
40 grams of silver nitrate and about 80 grams AloXite pellets _

D. Silver Gauze:

100 mesh pure silver gauze.

B. Platinum Gauze:

100 mesh platinux gauze

& erim Oxide Ca-ýClý2_aL

Pfrepare similarly to copipere oxjide pellets u•Ing a tu.zated
solution of cerium nitrate,

WAYYD Th 60-318 56



G. ?latinized Silica - COppr Oxide Flux:

This reagent is used with solid and liquid samples.

I. Place about 25 gra-ns of arnorohous silica In a 700 !2L.
evaporating dish. Drench with 5% platinum chloride and evapprate dry on
a hot platc. Transfer to suitable porcelain c<racibles and ignite to llO0C.
for four hours. Mhis high ingition tem.peratuxe is necessary to dehydrate
completely silloic acid.

2. Iflite 25 grarro 200 mesh CuO to 600"3.

Blend 1 and 2 by rolling in a large dry bottle having a
metal cap.

11. Apparatus;

A, Cocbustion Thbe:

The combustion tube is similar to that used for standard
semi-micro combustions (fl 2); in this case we. fuse together two standard
fused silica combustion tubes so that the overall length is 09 inches with
the conventional side-am and end-tip, The tube is packed as follows:

I. A =nallplug of ignited asbestos, (l/4" long) is placed
at the exit tip of the tUbe.

2, One inch of rolled silver gauze is placed against the
asbestos plug.

5. One inch of silver catalyst pe4ets is placed next to (2).

4. One and one-half inc of rolled silver gauze are placed
next to ()

5. Foar inches of copper oxide catalyst are placed next to (4).

6. Thiarteen and one-half ieches of a mixture of three parts
piatinium catalyst to one part cerium oxide catalyst"wth a few platinum stars
are placed nexct to (5).

The silver and eorper- oxide section of the train is ýheated 1 by
a tube furnace about £ in. lcbg and maintained at a temperature of 550C,.
The platinu section Is heated by a thirteen inch tube furnace Lo'a tenzperature
of l0100*, The furnaces.-shculd be' touching and none of the C.tO should be
alloved to come into the 1000'C, zone, since CuO melts belcv this temperature
andý it would ¶Tluxu with the tube. It is better to have the-platinum section
lap over into the 9530C. zone slightly for sMfeWt,_

WALD Th 60.t318 57



B. Absorption:

Three standard soft glass Pregl tcero-abaorption tubes are
used. The first oue which inLzediately follows the train is filled with
indicating "Drierite" crashed to about 20 mesh and screened to remove fries.
This should be done in a dry boxý This tube ser-ves to absorb water pro-
du:z-ed by combustion of hydrogen in oxygen. iTe tecond absorber, which fol.lows
the `Dricrite," is for the absorption of the carbon dioxide, and it in filed
with "ascaritel wVith a l/L inch layer of 'Drierite."

The final absorber is filled with "Ascarite" between two
equal layers of "Brierite,. That is tc gay, mAscarit•& in the middle of
...e tube.nd NM.i-4crit at the ends. TIs... fl.al absorber is used as a.
tare on a double pan balance, If single pan balances, such as the Mettler
or Sartortus, are used• -the final absorber 4s weighed beforze and after
each runi and a correction ia applied to the net -weights oI the water and
carbon dioxide absorbers on this basis.

C Oxygen Saarc:

The oxygen is purified by-passing through a tube furnace non-
taining copper oxide pellets heated to 5500C. followed by aosorbers contain-
ing "AscariteO and "Drierite.w This puritied oxygen is then passed into a
pressure regulator (Fisher 20-220) thence through a bubble counter., folloved
by *Drierite" and "AscariteN absorber traps. The oxygen gas now has the
relative humidity that is obtained by passing it through "Drierite," and
sDrieriten is being used to absorb the water (produced by ceobustion of the
samnle) at the "exit end of the tube. These conditions should alwa3ýs be

* maintained o

D. !ariotte Bottle:

Fisher, 20.250 two liter H Micro support tripxod for same
Fisher 20-252. TMhe bottle is filled with water and Attached to the f ialA
absorber (i) (2).

E. Sample CoLibuation Unit:
In the introducton we stressed the importance of a saol -

corabustion at a- low -tuitial temperature. Gradually tha. temperature is
increased tod100000. This method of heating can be effected: by gradually
raising the temperature of a burtner of-ftrnitce beneath, or around the -sample,
or by slcwly moving a high temperature tube furnace from a point bey-nd-ihe
sample to a point at whith the furnace completely envelops the saimple. In .
our laboratory ve use a split tube-fur-nace mouted on a feed- screw driven" by_

~~~~~~i~~)N 1r.j'....e M~woc cdarhd alt(> Te heating cycle
should coVer about thiTty minutes.

F. Platinum Baffle:

The platiPuwt baffle 5i a one-inch coil ot platinum geaue w.ith&
a hook or loop on one end to facilitate, removal from the train. It is placed

WADD I6M03358 3 "



at the rear end of the sample bhat ruriug combustion and it acts as a

reflector and catalyst and cuts dowrn on explosion hazards.

Pl<OCiCUR:

Weigh the absorption tubes and attach to the train in the correct order.

To sample solids and liquidR which are stable at room tempevature,
proceed as follows:

taalf fill a prc~elain WL irOlcniutriS n bet0it itiio ''

copper oxide flux. Weigh' to St 0.02 mg. From a capillary dropper add apprcxi-
mately 10 to 40 m. liquid sample and weigh again to t 0.02 mg. Now swing up
the tip on the Mariotte. bottle so as to &xert a beck pressure ot the train,
Introduce the bout containing the sample into the t•ran, Fashing it to a point
within one inch of the hot catalyst. Place the platinwm baffle -drectly behind
the boat, and replace the rubber stopper in the entrance end of the cembuation:.
tube, Regalate the oxygen flow by., adjusting the outlet ob the MlarLotte bvttle

so that the water is displaced from the bottle at the rate of 6 ml. per Minute.
Heat the sample as described under "E. Combustion Unit" in the section of this
paper captioned 'Apparatus.' Continue. fluahing for an additional thirty min-
utes or longer, if necessary- (Occasiooally _ droplet of water condenses -in
the exit tube or in the capillary portion of the "Drierite' tube and when this
occurs, an extra-long flushing period is necessary.)

StQ SlAids:

Weigh the empty boat, add the sol)4c sample, weigh again Wo obtain
saarple weight. Cover the sample with a laycr of platinized stllca-copper- oxide.
flux and introduce to the combustion zbne. IProceed from here as vith a liquid.

()GlasseCloths:

For sampling glass clothe the i/olIlIcng technique has been f ound
satisfactory-. Ignite a piece of thin platinu foill, about 1-1/2 inches long
aud about 3/4 inches vide. Weigh-'on a seti-micro balance as accurately as
possible. _ 0.02 mg. Now wrap approximtely 300 mge. of the cloth sfmple in
the platinva so that the resultant bunrdle assumes the shape of a cylinder.
Weigh again to obtsin the Lample welght, *Trn off the oxygen flow at. the
Mariotte bottle and remove the rubber stopper and platihum bafft from the
combustion tube. Push the platinum fell containing the sample into the com-
bustion zone to a spot about one inch from the hot catalyst. Place the baffle
at a epot just touching the sample and replace the stoprer in the combustion

174z.- ; ýQ~t'c the oxygcn=6-~4s~tA&44L~ %--- t-# l Wth ii 'A

und solids.

After the flushing is -complete. detach the absorbers thi t.e -th
oxygen continues to floa, Raise the outlet t2be frda the MariOte~bottle"
Allow the absorbers to x-and in an eLpty desiecator for ten minutes,

WADD L 605i8 "9



USO white -cotten glovoa ldime hwidiisxg the9 ab-Sorption tub230

Calcu:4,atifoxmtzv w~aicarý

0al -51, -21 tct kala

1 *4s'aj L.-Tw, trd 2 . &ad-fG Bri. C,-m0j Al dL vcýU 0 ,0*13.

% H nge h~ x 011.2 x1C0
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ETMnZNL? I!ArOLUJTICN M"'tHD

T L-NMODUCPION.:

When, gl&ns £abr½". io Linished ;ýIth A-KL7[2, 2 43 iChOC) 3 ,thle
ulJti njnte tcuced fLintish, on trie glass substrate irs a :esinou pylctr

7a~i t0 o rl 7 : j~I¶jXg,- '~, br4,4

Liihdgluass with Phosphoric acid gives ethYl1ene qua"ýntitativcty. Tbhe
reactioi o which the anaiysjs -4.r based iv;

2 CsdzsiOs/2 + lI)3PO-$ 2 C2JL4 + MF% +

The Cz~aa Lita do iiA. gel aud subsequently mueasured by gaa
chro.matogrsaphy. Loadipgs cýalculatqled from-tbi3 L~etbod of' &.alysir, a~ree
well with those based ow +Vtota carbon. deternaminatlons. Thae ctbyienes
evolution maethod has the adaed adrv.otage-ý of extremae sensit'iv-ity; it is
yroseble to detect ]e~sr tht;n OXO)$ A-172 finist.

Although we have caid that the ulttzýto finleh On the ga*futbric
is a vinylslloxane, %ikRiSV)/2. it ta cufltt2=az- to exprhraaE the ' RAloainga
av, w~ithtt per cent A-I'? 2; this c-usto~m In obOcrVed iP. t~he PreCed1Jwe
Qe&3crib-ed here.

A 1Birre2J. KrvcTc as iued lin develoinptn t1aoWdr n4 td
condit-ionam describ.ed avce for that inztrutzt; Obviously, o0thor, gas
chroii&atographs V.%uld servtiý equally well but the Opttaana- eoudLtionmi VcU24

have to be detern~zued for the inetruceut b-eing used.

The-direetiona lo -the zroceeure are very detailled but. ht-ve been
delib~erately writteo thus to trable ec inexnearieneed analynt to! us'! the
rnethbd.

-. Thsmet-hod iS Dot meant to. Compete vith the total. carbon or
rhodadsvne B methods. regardiing rapidit"yi it" oa, the cont.rary, 18 @pecifie

'aniW &,,ore sensittve and is both accu~rate and -precise.

I1, REWAGF2U2 AI-D APARA~TfS:

0-. 6E: 11314. Carefully add the &'-0,s to the HaPO4 . Whan Practien'Jly cool,
stopper the flaisk to 'protect the reagen~t froi. noiqacre .



2, Dr-y ice

3,, Acetone

4. DC 710 Sil~cone of! bath

5, Zyliidndr or' d ty utro-en wih regulator

0. Gyzlinodýc of helitý With regulatox

7. Cylinder of ethylene

8. Silica gel I x 40 mesh

9. C-Opper and glass S102 ttap

10,Reaingmpntle -100 ra1ý, 5o V,

±,Varlac. to con~trol heatins Mantle

12,.~ea~onla~s -about 70 xl, voDm~e, 5.5 ra4, ddiaetc

13, 2 flewar flasko., I -60 %m. 14.D.,. about 140) mm doep
1 120 ma. 1.1)., %briut 230 iFl5. deecp

I4, Burell slilicont acals, a-2)cket§ andcnate

Igo Burrell Zrcom-'fog

1,Geusratiqg appsntatw sa so

19 T-?gon tubing

TIN. flOZ3tMME

Directlou z

Saxnle cell' blockz 40OC4,
D'etector,- 1000C,,200 aM&.
Cofltnmaj*. aJ lumidna, 14/2, i~esb,

25 v.1  0C
He 1plioW: 2 lb:,/in. 2 L~ead of

pr-etiurcý a th 4ivhra~n.
yalV6, flOW rate toG be'
veried to ctamngt t4he



2, Aktzci Lhie gast sampling syiteik
~othe Kromcp>-Tog,

3, Attach the nvyi.nder of ;'.nxe
ethyleneý to Tth aIa1Wn 575"tert

4.t~ a calibrated I Wi1, a3mp41C
bulb in the ii sygt!t eSa4'e

5, Checck f or 1ea:ýo In the saaap!lng S ini a LXfs2C5ytw,
'Systc-z by ev'ciatine tbc -Systim, cktoý t1ýiu"etev sWould Vno01 6xojx
iaif off t'-he pmapjand observing if the
mcrc-Ly £areerdrops any in about
10 luituta;&'

6. Adju~t the flrm rate to about 6,Thir f16- rate wa"1l
74 Ql./minute, give "-at pfoikt cr, t.he a&tan r.?

7. fluter u pgtssure ot ethyldue 7~This is- tz PUXjF tte
(ab'Zut 100-200 =t1.) ntote ape6teiih ethln
c.~'±11 and attpnIin tagtz m a n a a
re-evacuate the syra ~~thIS atap
the %'tadatptt the nem neatnct
the StM-Plirg eystca> is izi the ihorkuitfl
powit'ion andW 'hote~ (TiEit haud)' Sto'p
cost is verticsY4

(aut100 i> ftyetei t!e e
amLPle- cell"

9e 'CIOaL3 Off, L0f put _4"
veztical position, theletadotp=

1 Turn on t~he recorder tnd P':;,
the attenuation Control'on 2X,

Sa 3tc thr -~aeit h 11, tn e pas4iiou of the
helium 3t6ressz by turning t-he right-~ stopcockis used in. the, cralibir4-
h~an stopcock to the hoiaizontal t-&n o0ai cel o714= rust bz
position, Al!ways t1.urn eact instru- alv-aya Used in ýthe Stt~ndat41 flrnse

iinzipmm4le cell Stopcocar in, tt ane
direction, For exal~pý'ft always hkave
the notched side of each stopcock
tting either upir or& -- "r.~ vex
doiwnward )r vutn-ýrd4

12. Conrtinue the rýun aboutt I to

- ' .. 1C



13, *iasure tic-± peak avea v.4d 13 *h no~t P~t
the k;:tebtiou tinmtt5I Z..S~dL~i.~ti

thrwgb 13) 4t the agan f :~ t~jeC

1 Chawse the herliai flow ai
to a '1a 0 Id/LAnad r", tbxný±

oruae standgrds ;nt this flow ratc.

16, Nic&sure the rttezn'ion tlpzatý
and areaS Of tbeSe 5tOa~xdt;

17, %Change the flow rateý several, 17 :ý AtLt -

aera tisas to obtain a r~ine of rtaeatLin ti~tktb kt! aI d a tift it"
re.ýead ion ti-ime f rmg abotbt 5 M!1ý
30 secý, to about 7I Lib, 30 sacunds4
Run three atand&Tdde ~t- each fc1w ?&'tea

Als, Cakvissve the Ime cf etlwylcn4-
pier zn, 2 fcs each StuAmiurd.

(2tci~cratUre in, CYJ, of ths
ijstruteict a&5zp1 ae11 bioi~r,

9 Plot- mg/cz d ye.t'"ttUiLo2a
14i" on linear pspnr. )raw aý aisi~tibe

curve tizrouh thrpo0ivts; a givein poixt~

should not 4iiyv - - ct by
not10e thran 474% U-4~diJt ±.tn

ao, ' ? L! u then tho vmste; u"
"T~. clot"" age. to be bwid Jutt

a.fe tanmar& maie to be 'rzm ae a
Ow olet0 itechMiqe and cemaUngtoe If

these point# differ from -the tisater
c rb mt=aenta C~i ao~ stazwn

rnuat be run to es-tnblithm & uzva fzz
that d-6

"1:-rePere ctzys&ctn baths in

WAD'D mr 414



2. Act"vate arid ctizru ýSIC t:si2W&i~ecy fe2sc
by heating the copper tvt"injý boflttia'1! V IArj a Vacuum Le Pulled ou t
ing ta S10%; to about 1.t00, wC t tile t ry- wb-rl1ý the ~iil lmtt-a st zttii
ortuxh anid tracsitsta th~e trap, Clos~i Dot, RU~ep bvthsttoi lCdoff th- openi Zt-Opcuzk bet o-er thcn tr7arvwp ~ teta s~tL

is reitoed' fe M- tMlv vvac-a~ting sjietau

3. Seal the ball Jo.1tih ix-tvaemi 3, ix- mot uze grease,
tho condenzzcr and t1h-- výatc: trzap Ei

4~Mke SiflrC the entire Ven.~' ~ 4 h nnrw a'1t
tiu ~ ~ ~ ~ ' 11rau iIdx H2  rap, dried bctveoei rtmns b7 isn

Colt~~,flask, eta.) With ace-ton aud pamaiza t&tra
of n~trcOseu thxrotgh the aystm,

5, ?at a O.Ž g. sarz)1e of thc 5. Cut t'ea sanple into 4al11
clo1th In the dry react'Iorn Cirak. (&tooit A1/2 iu s qUtv1'i plcces

be-fore puttitis it in tt~e fa'

6. Add about 11) cc. *f the 6, ~&eSuge all tile glass
Hy3441w 5 rcan aid 'Want tWClh v;Ound -loth is ci~?cred with the rc getrzt.

gises zi;Zr;k with it,

7, Ocacect the flask to 6,a
Caam4enror Ar4 water: trip is&-tSaxy,
U8±ng Thv rtesqezrc to Real thp, Joint,

S. Purrge with I fast flaW of 4x-y
Udtrogjdu tor a ffm akuxtes to ro&&Ore

9. D1aise the dry' ice/Acetoas
bath around thi3 water, trap,

10, Ttran d-nx the atream of
nittl-ogen to a low flow rate,

U., Attach to the water trap t"e 3! Tygcn. tu~bfgi B - ara11
t'Kend of the silicg gel trap which iz kockeitz plus sik 6exins and
i~eýrSedl in its dry ice/acet.Dne bath, a canuector are u-seJ for rthis

12,. alien both &topcocks on the
trap (firfl CA th-eut9 and aft-er
equilibri= is eetabllshe-d, attach the
bubbler as ahc.n, ont psgc Adjs
the- nitrogen f1cA rate to 1-2 bubbles
per s-ecoind.

13. Raise the heirtirig riantle 13, Th ' eactit~z s~ould dbe
arounld the flask arid turn on the- clareied Gut at a tetqentuve o
current, USe a 7Oltdge -Setting ofabu300
76 v



14. &3nti±1 uu the haigfez 14, T'e flrst J0 TAnjtesi
30 ra ueisý to briLa3 the fl17s& ane; ito

Coit#nutj Up to te~~&trgtix
reRsaimiibE 20 antzsIs rea'rCt1uaI
mai i prg& tz'ss%-ct

15.Mae Periou~c Clo-. rate
dj3 ilst;'tents during lthci reac~tioll to

keetp thQ, 0ovt at 1-2 mu~blta P-ttr2

16. Dsonvths{{aa IA, ~sc 2 ~~

ti'p "nd 1niiediatte1y close boh top- the dry ice/&c§tone bnth.
coctks, Detach the bubbict% and turn
off the heating mantle.

C.,RaLý' Ment of the t 141e;

2,. fstablish atquttibriun for the. 1. Dkse~tactfr and ccouta
fellotdng trOiO-ioso CeaditionSy condit-ions a"s be kept constant

for MA'1 Z=P4le.a jad otat&-ards.
Setr 1OC~21)ra The 1'- I ra te WUi1 dropO to. aloat

6OC~, 5 .trap i-LS f irtfo the" giyrtc,-,'
MclcJRatel I b l/In 2 head Of

ptcezaere at diazptirw

' OF ~valve, Eabout 76 Ld 9./ntt4
adjusted with iiý-cde

2, C2heck fo~r 1uets in -the swste~i4
One %Lnthoi Is 'to piujs th r ~ flm exiLt
and sea if the Clior drops to a zero
reac~hg on the io~tr

3. With the dr-y ice-/a-cetone ba~th
s.till a-round the alierc. gel trap,
evacuate Ithe trap,. Attach thjflrend
to thew vacuum ;srstmn open etopc~hckB"
and evacatýt- about 30 secon4s, Close
the stopco-ck and remfrre the trap frogm
the- vacutm system. and frcm the dry
ice/Acetone bath.

4, Ctnniect the ~rtto ½~rv-h>e4 Z J ~~
Both stop(.ck~s -on Ithe trap are closved r in a b" s used toC s-UPPort t~t.*
at this point; on the instrwrat 'SaIse trap,
call, tke zighti;-and st~acock (ClosaCZ't
to The cclwuan) is horizontal anz ltivt
14t-1ttad rnpok(next; tu' the $Th 3

~ Tur c~nthe Z-romo-"Togcat

WAIQY) '.a6 401 46



6, Cef-,1,fully ra-4 Se the zilicouc 4. It hs beot tc 24*c 4-ff
oAl. tý"f wibl'ich hv: htýýcrin heatiid to ihe,ýI (rvsi tigiT fU~r~uu thefl tL",
170-1900c~, , TDL!U6l the trap soc tiaýt t 4zv i Tajýjvcýd -f-t g h du
all týg, copj,;nr tiddag conftaning elw iccetn1 a

ce s !hn c v vt r tc .t 4 tA Us e- V~lent spI'ttbi wuv !t h
h ý*o il bcath ivD c&9! r~irtci lvt
let the -trap 'triid arot aý-0in st 0 ro
teswprn~tturc tos Afi ioii4 pr
of time before it- SeJ k-

7. flaiDI~Aa21XL oppn stopcock 1,39",
stopcock HAfl "cid tietn turo tie 1efthatud
instru2aenT Suiop.le Coll stopcock to fth

&~Contizue the run scmwrhatý 3, The large~ Paek at .L-2
beyvnd U1 to a 2 nt~ the poiat =tere wainutce is LII U a z;
the pt~u retuara to tk~t bgezelit :ýfter c~th"Ve peak 2ý-4 iuintztms capa b-a
the ethý.ylene peak. -Attenutite the ignoract The retcntlion of~
ethylqme eank if n-ýcvesery to Yde-p it the ethvleae i& auum"lly L- te L)~

9" Ttwr the lefftzs .&a 1"rtrwent -

Cell *tcWpnck to thrm VCrtice.l pc40tlo4;

kv~~C~et~ thjl Opx th trap,,o-4n

IV., While tha trap is still Imn 10. T"-ia stzp Is tý =&nskn
tliu hOi ott tb eflu4ite the trap. tLA - fth trmw Ais ciaa. tOr tte

Cleg thef U tojcack ntt rn

1.VI W-mure the roteatidiu titat
nr4 the area of¶ tih ta~e psk.

Usi the 4pjro'pziAtd alta
t~loa factocr of mg. of e16hylemser ~cr
for the Qct-"xd -etention t-Im,
calcultate tLhe S ethylene tnad the 7 *tt2
On the Ca;)lfa

e ethylecem

wADD v.. 62-31b k



ba-Pedfr Ccat nu don
ClIot h ___ C - Ol f C1 e zea e

04111' (ricauriArl) -Tonawanda 0.012- 0.00& 0.003 0.0)
sui!Ateb 0 -02C0 0.06

o.3% (aa~lal) Tonaaw4drda 0.042 0 0.02 0.2

0.7% 03cxna¾tl" - tsvda0.057 o'48 0.-0470>

4% (rioainel) Ponavi"-da 0. 110 1.10151. 05

2i t=n4tina1) Tm-mz 0.07f6 0- 061 o
awatc IL estrdeted

'nte"'t.s ycrcI~g-tE - 0046 0.56 0O0.C.S6
ttormasi -e

.P.Stever.6 cciszorc±l 0. O&8 045 PIS1 .

- 00540.46 0.0 02n

* 0.0115% C biAak smbtructetI

WALD ThR E&ý108
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AFPENDb2( XV

I' ~~~~) QUrD~T31M0OP AU-721 ADlTK OF LULA8CO)

Tmi tisst 1vq itt~ to about 0.1ý los-ding, brtit iLtv not
specific for A-172; tb'-!ere±'or it" 16nceu to cutablizii tcforeahand-%
thit, AA172 isý the o'nly ftnioii pceettent on tthe fabric beingtet.

ine pr~irncipie o, tue nethod depentds- on the nhttlity oi the rrjodanxifle2 1,
to attac-h itself' to the A-172 wiolecule (probablY to the '71 "t jycup)- anld
althiough it is m.osslble to apply the dye directly to tha ftnisbedi cloth,
th;e int,ýnsittas of7 the co-lorea so prod'uced are not proportiozal to0 the
loadingw -Ec¶?cver,4 if the fabric sa2ziplea are grouod to atiouut Y500 Pk'&A nd
thuý rýýsxfltnt povders ,,re th,ýnr dyed wIth rhodialine B, the color ttmii~
are thenl prop-ortional to the A-VjEc loadings., The obyiouiz exTisII1stior 1:iS
that grinding lib!erates A-172 reslin particles so that t.he dyoe can afttac4 itselfý

tothem and the eye can fpercoive t~he dyed prile

In thez procedure descr-ibed here, tlt-o prac~ution&. abould be obzserved:;
(1) ito grinding step should zkot bit ur~aulý "r~i~~,ad (2) &Iubir 4on
should be yorn dar-ing tL-3 gridinig ezd dyeling o~rtin opeet~ the &L
against un ci~ssary nttAx-&Aag frog 'the dylt anid ±r~ritatior. causd býy any £24ztm
dust particlez gottlhg ±th te AidL.

A On~e-inchb-sqw'ire 4aaple Q4f clo-th is uaed In thiat ProCewa~re; !fld 10
vvighing is riadeb; we bave Sound thias to-be 4&cOrvenierit 31ge, but, the agaci-
mau elseC could 1be varied to Luit ind-1Ifidual tlastez provided, of cow'e 1ge that"
thie cossparieon standards wcr-, preparad fxom tao. ac Ize ýahe sml

1i. S-hENTIMS AUt¶ PD fA

1 0. 14 Solution o4' rhodamaine B (practical, Ecastm~ Organ ic Chemicals,
7'41453) in ineteanol

2,1 mt Centrifuge, tubes anA1 rubber stoppers

51 Porcelain mort-ar end nestle

4. rcitted crucibtes

D. rying ovxenclo

C Centti fu1ge

T. Rubb-er gloves

"WAFo Th? 60-316i 4;



A.Pfeoparationof StAndla.dz - he,.inedWhd

1I P5&rtp&e a. series Of cloths 1.IUe2tRuctitýu fcr- lzoading
o f v a rot)us lr cong 0, x raoff ) 0 .~5 ( bflr I a k t&;abrlca ýAtU A-31-2. axe giveu
cloth)1 toabtl; a A72i!ko abd Qtortxg

intrvalx are d,,&irabie, silicoz4:es Divlsit)n clrct~lz No.

2. Chemaically aicalvze tkost~
clotbs by tusiug the G&s ýh.orvtographic
lAethoci for the detegLiaatiou of tbe

ethyleoa neattd by reactiosp of &r172
tretated cloth wfl.h H3I0 4-#PS5 ' or by a
total carxbou deter~sa-ltioa 0

3,Cut a Onw lncii square frog,
th* saWEC aZeL tIbICD- Was Stapled LaC
chtailca.& analysia! Cut eadik squarec
Lute about Thusr pr

4, tUmevea t he four pn~tn tby
Pillling the-C Aibus apAKt with treenercs,

r-~theat fibern isto a cleev. porc'alaia

5, Gzind t"e Aftbu# until & 5. 'Me 'gindiing technique
P'dxis Just obta.Ined, 1,5, DnO t i' s wsed auot -be reproduced

disitlnat f Aberz ahould tý:s ri2itle. for' all samples and rdtda- rds,

0, Trnasfer thet powdtz asCt A amii tunnel a idsa
Q=Antitativaly &a possible- to a dry tnausfer,

7, ?.epcaat staps 4-6 for_ each 7. Clemu the mortar and
standard. pestle betwaee stand"zdz (or:

ngflb) S grnding t far gramsl
ýof sea faamn briefly, -thent washiog

8, Proceed wttI3 iection 1II-D,
the DYye Tact4

2~fgaratilon of StAlr~ Prwt me~att

3, Cut ttbont a si tnactauqmzro
piece of blank cloth into s~fl2l piecC5

(abwt14irch t~quare).

WPOID FIR 60-5ICýý 50



2f nwz-aveý about six of these
picre~s aund put t1-h fibers if- a cicanl
portelalh mortar,

3, Grindi the fibers F- dcscribec!
in secticon IIIt-A step 5,

4. Trans~fer thc -c To'a =-1to1
bottle ov J!ýr-

5 >watstpa2, 3 and 4 lli
all the small pieces of the blank
cloth ;ýrtc ground,

6, C UtI i nt0 Srlt pesces (about 6. Ifteswac A.~ .h

!/Z inch, aqtkra) abciut a Six tnch tile si*ý inch rqueTre wgs taken Is
cqwi~re Piece of &4ý7-2, houogcneouily? r 1-ot augsmenrl loaded4s
het-v&iy abu1%lo&Jclo-th Whic~h reprel~ezatatilvei eaia i.w2

has boenr- che~icalty apni~yred. aret for bot41h chsntcM Innklysis
and dy* tee.ats,

7, Rep eat a tap S23 3 j 4 sa'd 5 7, Cleraa Ithe s~zrtar z-?tVd
pat the pcwda&r in ansothr , t pc-cie by g rlind~m init4o

or jar, tIaInk Cloth, Discard the p'.%der

andl wipe the aort~r a-ad pestle-
with ti-ss~ucsO

8. ?'rize up witltures (200 nj, 8. pa~r cn.wde, ix0 g
total)0 c-f' the Thilank"- Exrod13r atd -the of .1% A-1t72 powder I& wiu-tI with
r-1.72, l&oadd pvvder au aa to. sizulate 120 mg. of blank, & .1ý-7

the f!zIl1vit k-172 loadings on the standa~rd isobaed
mtxt~t~cst O.Qty% 0,2%, 0.t 0,6
0,8% and 1.C0%, The- ?eziwa~r~r of the-
bi't znd A-472 Pcmders is reae~rved
for, future un 0

99. Tnnzfler quantitatlnely etch
niztuflt tp a dry etrf~ tube,

10, Proceed t-ith s-ectlon !X-1;
the tv-- Teat a

C -PrOstPOioa of C . Lear

2resýs&te nxu*1V-o in th'a &&ZKO rAnn=2 It it beat to ruadtmc-t

cactioan 1IIi-A, ettp& 3 thsough 8. the posaibility of ezrcr &W to-

WADD Th 6-0-31.6 51.



l~To each sariple "lid :'~dt, lc tt~Liane
add about 4 w1,, of the rhccdarntne B C0MOL se-ýrs to 'fade ateh
reagent; stoppex' and shathv the tubes- Y wih ttne h or 2 '-tandArd shcij&~
'weli for J, toc 2 radrutes. b.5 Ton itth eacroulpe#i of

Sil&rest" asa euko ehiu
and on the validitty of t-he %a~tex

2,. Rearmve 4stoper~s and KiuseC
d2own the va1St of each tube with abnnt-
anotýher I nl,. of reag-eat0

3,. Wait about 4 xsainutes thaD
cenitrifuge about i. zillute,

4. Carefully retrov e the gsuper-
tlaut- liquid Without dieturbilng the

5 , Atj abojut- 1 ellI ofl wate~r to 5. A lone, pointed &Alutn=
each, and stir -dell. Centrifuage and zpatula wotks well as a Stirr-cr,
again reia:ove theý snernatant liquid,.

6, Repeat this wazhilns Step wolith 6, About four ncbtings are
t-he water Wa sh I~S CZntlaliy CQOlrless.. uziually necesbaz3Y to rts~xme the

exea razent,

STransfer the washed, wet pc~ader
to a Clean, frittced cxrucible with a
stze~am o1 WdteY, U~se suction on the
crucible to re~cwe moat cf the "ter,

1% Dr- the PP~dor oa the trrt at
a-bout 11000, Lot about 10 minultes (Ox
until tho& paader is dry). Cool- the

9, C-oaarc the inten-Sity 01f piak 9, In any "ase, a white
ccl-o of each oanflie with those of the b3acksraund aeati achta-eous
zstandards in eiAher Ofc the follow-ing for cokipsgning the coiers.'
1eayb or in any7 othez way which woýuld
=kc afifferences 'in cologts More

leaving tnhepowder on the frit a&nd
ftini4ih the s4tandard which most

Cleey Atches a give-n ý&awpie; or
(b)iy scraping the d-y- pcotders fir on C) ePiuk ýal n on~ thr'

the Z'rits, ttai;eri ! tem to pieces3 fritlted ovvcib1cs cai be ranved
of white peparv and ther.n auchirng the- wi th vethanc1

~a4S~pw~SWit" the S tkI nPrd.rýi

W~T h60..318 j2



10. T&: % A-J."W2 of tLhcosii
whic.cn most cloefe~y I~ezpext1&ep thQ

8arq ½ %, i~ A-17? on 'lkl

WAIL CIi 60-315
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Tlhis methud depetids on- the abuility of ioditm zitroptszidce,
_to 2 or)'5 ch. c&*risti~glly Colored p~odutct with pr~amnr

nml~uM-". t is appain~tity not nŽ--essary for the A-41OO (or {ti
hyx0 ~ '- odnetIO prc-ducik l{2N(CH-2)3Si03/2,) tej htx in Lnlultn ftn taOr

bAI~.~t..I.t/A bd aIA~kfA'It la cZ z6"? .ln4iba a~i &44"v 0e~a AvUIpb VC

r~poi~dor iatiable1 to ThEL nitrprtz3Skde; ax-d this cakn be accctpliihe4
pr~aciaely b'y grinding thq AMI100 finished clot's- tCo 9 pm&t~i beforce vy4tin
the teat,

tinder the Conditbnms dec~rired here, -d-o reAction ltak-'S jda~e betweet
aoditm nitrcpruCaide and A-172, Voiaz A, "blank" glhse ciotb, or aeccldars7
iI-dMtALW rNdlCb1 we haeve un'czr f owui In A-XIQC f Arsii13tud C-ICA4 (B~y w.odifr
1fl 41 tisreagent3 r. teut Cai-, bea =de forr aecn(3Tr DtAILu&)

The viclet coilor prcduceJ: with privarf aaif~e And so4ma~ cdtz'%pfWunidc
is a~t~bie; tflertf ore, It is aot P~aslsbie topcnrpa edrrec

cptlr nt~anrst in thts IQ-uarrb A tierieaz of t~iixltzodfldat'cad-
'Ap-AhO Coiored h'peciaer Ws 4ct corlrec~po4d to z nrtazr of loadl.ms haaIou
C zt pitg a~

l. IOV. Z&Iution Off witcau- nitircprzsacid in- vater

32, Acetone (trax -of &Cetaidtbyde)

"3 ' orceai tzraVP d s~

4, Porcetain iavRRvu dishes -Sire 3OW

UU rtiTf~ag~d -- JsKwre U13t02tWIC

'vaxious hImdinga f.c-m 0.0 tu atrout o-ib=Iicms~wso
1,0O,- Ofn A-1100 intervals iire It lt $iP-AO30,,

aý-- 1 silntri~kit- , B., ",Stmiami-~crc Q=w'i~t.ive or-anic
A~ai~ait ;,; i4; Thon--rx3 Y, CrNliCvu~y Ye~ork, 11041g



th2,~ Pu5ýiov Zt!etbcýd is descttbe4.i
cloths by determiminig the, Per- cent lo Cm-ion Ctr-bide Oroa~r'iioe
nitrogeii by thim fusion rzcthudt, D~iv ý ivu. Lsaflit- SEP.'iOýB.

3, Cur iý cac itach nquage piecr-
frmthe, cloth ow- th-Et ctit tNIe

jpicc4 kuto abcut hrur

4. Umvesiiw- tte itni pteceý b0y
P'lll1iztg Sipart the w16.Llec, of •ibez'
with twtezert§. Put those Uiberzq in

~ cciiiParceLilu xaoitalr,

5, Grind the fibers until r-5 The grkr~idi -tec~hnique
pt;Ndar is jztt Obtained; ie,e, no0 that is uaed meust bea rctproduce'd
diattact £ibtrs shouicZ b-- visible. fol all iaa-Arpez and ztand~rds,

DOfW GRkIM WAB rrwit MX.CJSSAUY Wr

6i. Tx-arsfei: the pcndn: aa
q~~ttatve aspca-stblo teaF

X ~cpýýt vtsps 4 to, 6 fox each 7, th± ML zrtar and
~sta~nmi-iprtlc b-; gxins1Lng a far wtnm-

of sea $and for' zb!,4t OwZaut
&nd Iwipi3ý dry; t~a fcufl lb':
done aftrgtdujnxaz#i
Othnr thau tVw bi1aa.

8~, VIzmcktd w0th wection D,1 h
Dhye Tests

1a-Ct about a Six inch soquare
piece- of bt,1au cloth into~ a-I.11 pieczes
(aboust 1/2. Thch nriwtre),

2,ttncave! tboat six of' tbe1-3e
-1acs ad put Thev fibsezsý in a clacn

S. Grind tbie fiax as wztlintd

.4, 7r-tnf r the pcwdsr to a
433Itl LŽottlt Ok? Stwle

untf1 lle2 thet 6m-Il pWiocao at he
blanL c-1otbý ate gtjurd,



0. Cut into small pieces (ab~out 6, if the &a-atch xcr~i which,1/2 inch squvre) aboi~t a si:'< inch the six b'itch square 'W42 tlzkn 16
squze I~zc o A'1t0, hrnecn~tsi; not hoeoseneoualr loadad,huvlv(about 1.) l0d1 cloth which Ce;&ettiey kple L Slagleh-as been chamcaxly usalyzsd. area for bothf cbt-air.±c I analyzss

and dye tcut.%,

R iepe-et steps 27, 2 n n .Qa, 1e;:raýcipu!t t h pc~wde~r in ano.ther bottle or jar. peft~le r.S dir1ectea 'On Rrwrks A-?,

S., lrepare mixt1ures (2,00 mug. 8- &r 4 wpl if- SO ag.total" of the "blanik" pwtder P-nd the Of A% A-l1OO po'wder is mixed witbnQ pl;tJ iac h 'i010m f blarA- powdes:, a 0,4%'Aloaderd Powder ao as to 31imulate the A-iio sanaw is ob'tatAe4'to1lctein. Az-J1iO loadings: 0,0, 0.,2
0.4, 0.vt 0,8 aud 1.0%A-l100. Ths-
reo-J"nder of the blank and A-1l00
pow~ers is rescr,~ed for future use.

9% TrCansfer QuantiTatively each
mixture to Paz evaporating dish914

Z, ?Tutiend with section D, Dye

C, ut a one "nCh sqtAre pizc- 1 is, bea! to rUnof coh(about aOO izg,) C roa the di % Iicat1o sa 5 lesi a0fth 6 -' ctotlnntch, and cný this piece1 {nttýabout kaoredue thet Possibility af
fetar parts 4  C~rror due to teeceeu

2, 1knmnvc th!se PIC-cc's oan Putthe fibers 1in a cleari mortar,

3, Grind as outllined ina sept
se-cticpy Ill-A, under Prep autic-n of

4, Transfer the pw4-er-an
qiantitatIve1y as po-azrible to an

evapoatingdi~sh,

5, PXO'Ceed wit-h S-ectio. D), the

Ac o ach. elample a=d s~tamdard .1, Sict Vi the' C- vt4e soiiuiad3 M!, of vatcr, 0';3 &t, (a Zu S nitrontrue-side cole:ý is not stable,drepj- ý)f gcete-ape, tý 2 dlcjýe of stanards stat bu " ested a;Eong
&6O4dunzti trCi~uciride Solution,. wtdh enac wwaple or grom~ Of



2, Mix well sot?, Allow to stand
&bout 3 minmtteýs,

3 i;t;ov riucb as pc's~ible Jf4. A xie(Ucir& droupgr can
tte3upr~~t~ltUqudbe Used to ceimo,ýt noýýt of the

liquid; a piece of filter t,,apoýýr

4. Irmediately,(b-efore the 4, L-oadings riay bc determined,
,Pideas t11hemsclvc-a bcecoe axy), cotlqare :rore cloaely by estLaatinKg the
the int-encity Qi violat color of the loading to fall between two0
&aaplea: With &hose Olt the Standards. 3uCcessive Stand-axis, t> betweent

0.4 and 0,6, is thcre-fore 0.5%.

u~rt Sirnttlated iito-usd dG o.ore SpeciýMema areIoae

i a poceket, ofc' týhe b~kcover ps-r

WAD Thn 6o0-53



ANAL.YSIS OF "UNION CAR.WIDE" A-1100 SILArIE ON GL ASS~
S I, CLOTHS AND FIBERS AND OTHER SUOSTRATES

I. INTRODUCTION: -- )
Sj C')

A reliable indication of the silicone coating on glass fibers and
cloths which have been treated with A-H1O0 can be obtained by determining the c
niLrogen content of the coated materials,

Since the A-l100 is a primary amino compound, it would appear wtost j. i
straightforward to titrate the amino group with acid; however. resuts obh-, J r
tained by this method have lacked precision and have generally been low. There C)
are indications that some of the nitrogen escapes detection by the classic j
Kjeldahl method. A modified KJeldahl method employing preliminary attack w.Ith :V C0
HP has given satisfactory results, but the analysis cannot be completed in

less than three hours.I

A method is described herein where the sample is funed with dry KUOH rn
to distill the N off as 1H3 into boric acid 'catch solution;" where It is sub- to

sequently titrated. An analysis can be completed in about one hour and ten "
minutes. to

IL APPARATUS:

(a) Analytical balance - sensitive to * 0,1 ag.

(b) J. Lawrence Smith nickel crucible. 17 ml. capacity (Harshaw
Scientific, Cat. No, H-17790). An iron crucible with approximately the same
dimensions can be used.

(c) Vycor. test tube, 75 ml. capac.ity (Corning Glass 1*oris, Cat, No.
19800, 25 si. a 200 mm.),

(d) No. 4 rubber stopper with two holes.

(e) Ignited asbestos.

(f) Kieldabl connecting bulb, 52 ra. diameter (Ximble Glass Co.,

Cat, No, 16055).

(g) Glass tubing (inside dia-meter should be lessthan 5 mm. ).

(h) Ring stand.

(i) Pot furnace' (Fisher ScientifIc Co. No. 6-695).

"1icakics Eleetrir Furnace - Apae')iat Cort - £55.

(5ot0 items are avaiisbkl fleo Fiuc Si-rertil2c Cc. mudez the lics4matred c4atrog numbc-rs.)
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(h) Tyroa Tubiuh l;,

(1) Erleinrieyer flask, 250 ml,

(m) Graduated cylinder, 10 m1,

(n) Asbestos or Transite collar.

(o) Calibrated buret, 50 Tl.

(p) Desiccator,

(q Source of compressed air.

Assemble apparatus as shown in cketch.

HiL. REAGENTS:

All reagents are analytical grade.

(a) Potassium hydroxide pellets.

(b) Distilled or deaMineralized water.

(c) Boric acid solution - dilute 18 mi. of a saturated boric acid
solution• to approximately 50 mi.

(d) N-100 Hydrochloric acid solution.

(e) Methyl red indicator (dimethylaminoazobenzene -o- carboxylic
acid) - 0.1 gm. in !00 ml. 60 ethanol.

(f) Nitrogen or argon gas.

(1) Ignite the iron crucible and Vycor tube (containing an asbestos
cushion) at 10000 C, for 5 minutes.

(2) Cool both in a desiccator.

(3) Weigh out accurately a 1 to 2 gram representative sampic of
finished glass cloth-into t-he J. Lawrence Sith crucible.

(4) Cover the sample with about 3 grams of Kee pellets.

(5) Transfer the crucible to the Vycor tube and place the stopper
containing the Kjeldahl connecting bulb and N2 inlet tube in the position
shown on the diagram.

(6) Mount the asse, bly on a ring stand with the bottom 2/3 of the
Vycol tube cipped intc a cold pot furnace. Connect the pot furnace to a vari-
able transformer.

(7) Connect the exit end of the ,jeldahl bulb to a glass delivery
tube sith a piece of TYgon tMbing. The tubing should be at least 2 feet long;
this should prevent the boric acid solution from being sucked back into the
Kjeldahl bulb.
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(8) Dip the delivery tube in to a 250 ml . E rlenmeyer f13 Uk,

(9) Add 50 ml. of the boric acid solution and 3 drops of the methyl

red indicator to the flask, (The solution should be faintly pink.)

(10) Connect the inlet tube to a nitrogen cy.linder and adjust the

flow of nitrogen so that about one bubble per second coses through the de-

livery tube in the boric acid solution.

(11) Shield the upper part of the tube from the radiated heat with
an asbestos collar which fits on top of the pot furnace.

(12) Direct a jet of compressed air on the rubber stopper to keep it

from becoming too hot.

(13) Switch on the transformer and increase the voltage over a

period of 20 minutes (slvwly at first) until the temperature of thc pot fur-

nace is around 500 0 C. Temperature should not exceed 600 0 C., as some carry

over of potassium may occur. The KOHl will be reacting vigorously with the

sample.

(14) After 30 minutes the boric acid solution should be yellow.

Titrate the ammonium borate in the Erlenmeyer flask to a faint pink with Nl100

HCA, keeping the system connected all the while.

(15) Continue the heating - purging - distilling operation for 5

minutes more. If the reaction is complete, the solution will remain pink; if

it is not complete, more N113 will distill over and the solution will turn

yellow again, In any case, an additional 20 minutes should complete the opera-

tion.

(16)Disconnect the tubing from the Kjeldahl flask and wash the in-
side of the tubing with distilled water. Add these washings to the borate
solution: if the solution turns yellow titrate to a faint pink with N/100 HC1.

Run a blank on untreated substrate, Subtract the nitrogen found in

the blank from the nitrogen found in the sample to obtain the nitrogen in the

A-1I00 on the substrate (see calculations I through 3). The nitrogen in A-1l00

is then conwerted to per cent A-1100 on substrate (see calculation 4).

V. CALCULATIONS:

(1) (l. of HCA x N of FICI for sample) 100 x 0.014 % N in sample =A

sample wt. In granms

(2) (ml. of HI x N of 11I for blank) 100 x 0.014 z • N in blank =B

wt. of untreated blank sample in grams

(3) A - B % N due to A-11O0 on substrate =C

(4) C x 221 = A-1100 on substrate
14
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ON MA PANICS: FUSION MTgD

AND IiCfLtORIC ACID MEHO



A procedure We dtureOWŽ Mn~u ina which thet les~ if fusd directly
idth madt~rm C.arl~Wt, no' separations age Anteseary andA nn anAiynin C44

uccohplettd in 35 ats

WbS SCOthW is based en the aesawqton ti-at the Chrotits Content of
tha fabric Is an; accurate iodication of the Vaian A content of the fabric,

Accuracy of tOn chromitn deteranhailon is shoat ±9.005%;j implied
accuracy of Moan A estimation is 40"~01%4

It, Anhydrous X1C03

3, P,.SY EMaO,4 in water

4, Coucentrated HCU

5, Standard 0O005N ferrous nitwlm sulfate solution

60 Standard 0,02M [ 2 00~07 solUtion1 0,9807 9- K-2 CrP 7 per liter

7, o-Phenanthroline (ferrous complex) Indicator

8, 50 MI. Platinum crucible and cover

9. 10 01, Burat

10, 50 Ul, Buret

11. 250 al, Beakers, match glasses and stirring rota

12, Meeker burner

In, NLchromm tozco

14, Triptad aad wire triangle

pirectiona kak

1, M1 ab-out a :1 In, square 1, Stall ygiecies Will fuse
place of cloth into small pieces more eaelly,
(abont 1/4 inc-h aquare;,
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4: W&¼i-1.go the;' I~tA

dry ptN1t-A~nj IvKc1 V

n'?~ crLrOibl and MIX With t E)Že pecs

top zrod s're 41-1 the cloth in

rotating the Crucible (without cover)
An the (lanfe of a Meeker hwrner and
a~lce-clg the flame to strike only the
sides of the Crucible, As the fusion
tempevature ie ;inched, gradually heat
the entire crucible to redness and set
it on the wire trianle with the burner
Positioned under it, Cover the
crucible and maint"ain red heat for
anoth~er 5 winutes,

5, Re-wav the crucible from the 5. If the malt Is rolled
flame and cool, on1to the sidels of the crucible

as it Is cooled, It will leach
more rapidly,

6, Rins-e of f the Outside of the
Crucible and put it &red its cover into
a 350 PA, beaker; add 2.5 =I,, of watex,
Slowly add portions (25 ml, total) of

H38& RO -wait for tlhe rgeation to
subside between additions,

7, When the melt h~as been leached
from the 6sruciblo, remi#e the crucible
#An its CemaVetre' the beaker and rinse
it with water"

8, Dilute the contents of the
beaker to abosut 100 al, zand cover,

9, Heat to boiling. Add 2.5% 0&' This is to oak* sure

color r alus,

10, Contlinue thet boiling 'for
about 3 minutes,

1I, AM-' carcentr~ed MCI dropwiae
to xeduce the e"cas WkP4 Cemtinue
the holliag for about I minute.
WAIDD 'M 60OKSI8 65



12. to00i t~wv bc-ýXU>er an3d t;,13tP!lAut2 -1.1 A ~~'~ t

tvluttkvn to rt;o"amy cdb

.13 P4-I 20 ' nIAý0#4f~t

M, i4~ 0 wO), buvit 1z Z5 LstanOardIzre the
tit~ratc with rstandaxcd g. tutilos ýkO re souton ,r 10 rnt" of

Salsaior, pinlýc Qndprilriv, the" XLA2Ctt 7  lq-~t~ito 60 ri.-.
of watc-r and ipd- 410 ~L. Pf 1-o1

Ufsing a 50 wlt boret tit16,rate toa
aat"1240 pink endipoint.

(m.titration 4' O6t')

15, Carr a. blank an alU reagents

through the wbole procedure,,

16, "" talculatt % Cr wand % Volan A

1(l .OrO6l*)-.(B '4 0Q0.6*ý x 0_0l7.34 x N Fe x ý100
I __. =% Cr

%Cr x 2.29 - % Volan A
a ft titration of sample
B w titration of blank

w indiceator blank
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*I-U ' Eli- Wit AC(..G ''-~ ll

Thisý te A titrkeic i d fot r total om`* Opb Volan A OAodifrA!
x~ocact1~.t~ tr*A the cLtinathaca dsý-tloak trzt all theýw ChrokwiukI

is uxeut!ts~ a cvŽtspv "of ~rrclfwxirWi2 CIA11s0JCK'rý

The Awelrnet3 ebtain~Td LW thizz method atc- retbroducfllcI tc .Ct- A i
or 0"01% Yoinn A., Temethod is Gtraightfozward, employs no u"Ague equip-
m~ent and reui~res no unusual taleut.

To those nnfaadltar with, petchloric acid, 116 Slhould be Pointed &1t
thbat it should hot be vaed in fume hoods which are customartly used for
organic vapors ox liquids, No danger in involved In the reaction as
described bere0 since the quant~ty oil or~awnic mtatriel reactinx wit-h the
perehioric acid Is very enl# bat this method- shouldl not be applied to
the Analysis9 of Yoa~n (the alcoholic Solution of the chrOiAA ehnyat

K NY AM4 ýAPPflt=

t, 100 %u1. Platinum dishes

2. 25 al, Bluret

3, 250 al. Beakers, watch glasses, stirring rods, hot plate

4, Concenttrated MC10 4 70%

5, Dilute (1-1) H2S04

6. Concentrated 1*01

S. Standard 0,021 E~'r-2O7 solution: exactly' 0, 9807 g, te-2Crtv/fltcr

9. Standard O,0iN ferrous amacala sulfate

10, a-Thsaanthroline (ferrous complex)

It Hrdxaflnowrlc acid

12, Wash bottle

l, Wehigh 2 g., of the Vol1an
finished eloftb
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2- Cot saxtuJ.oc jjlC" riA
(about 1/2 .n, .qu!.,O ) sr,& wit i_-t a

40.*•. 4. CIV•41te li

ý Add 1) 21(10.f 3"e of all 'h t

4.Add cr t W to Aabo
disolve the VIOth; te e Eirst MI is 5-0 ml, of OF ishe sa
added •Aropuisie thee, an the rectio'n
becomes lespo violent, it is addled in

5o . Mnen no firther reaction talkes 5. Cortrox the temperature
place as the H is added, carefull of the 8sand batb to keep the
Doscr the dish on a sand bth and solution somewat below boiling.
evaporate th-ei eixcevs IM,

6. Yf pieces& of cloth can still
be , remove the dish ftom the sand
bath, cool somewhat aud add another
couple mi. of IV.

7, Return the dish to the sand
bath, evaporate the excess HP and-
continue the heating until strong Fmes

of i.W04 appearbe

8, Increase the temperature of S. The *tII0 color 6f the
the sand bath; after a couple 4inutes fuming 1C104 is due to oxidized
cove~r the diah with a watch glass and cbrOxium,.
continue to let the No 4 fiae for-
about 20 minutes,

9. Remove the dish from the sand
bath, cool and quant.tatively wash the
contents into a 250 mi. beaker, D~ilute
to 100 MI, with Water,

10" Add 10 ml. of 1-142S4
heat to boiling.

1. Add 2,5% KMrC 4 solution 11. This Is to iuroute
dropwise,ý until a. dark purple color complete oxidationý of chromium
?e-t-*in:, oczntinnc tkae 11Vt±_e l Au L w to the nexavaieat state,
about 10 minutes and m~aintain the
100 al, volume by adding water,

12, Add concentrated liCI croAp- 121. Abouit 5-10 draps arc,
wise to reduce the PUXPle UITu04 cOlor usuVally necessary,.
and coninue boiling for 5m.te

13. C0o1. Add A0 ml. of 1-1 13- &ýA0 4 precipitates but
13I2FXy'j ýdoes not interfera with the



14. Add I doPOx &ý-wn £ n1J!'lIfiiwe
(ferort~csnuwpiez) AndC ssti y: tz c.t

u~ntli'. thx; redirci~a~di~~~

15. Titrate to .1 satnona pInk e-4 Is" 'TO standwzdizc the
r'oit witth standarZd 0.01N ferrou2ý ferrousq &ulreiiuia SzU1~fatv2 pipet

solutkcPIon Into 10(1 rn10 of water#
make~0% n ý d I drop of

ird-icator and titrate to a Salmxon
pink endpoint 04
Normality Perrous mFrou Oa )

16, Carry a blanmk on all reagents
thzouJgh the entire procedure.

17, Calculate the % Cr and the%
Vol&" A on the am~ple.

L(IS #0,13*)-(ml Dl * 0,13* x V Aeý x0.9L731 l % (Yr

SSCr x 2.29 '~%Volan A

t a titrationl of samplIe
fl w titration of blank

a indicator blank

WAPD mt 6o-318 6



IAvrhalyrDWA NIX

CROW0S$ SEOTIO0-N OFGtS TNE

LEFN GT14V 1~5 VIEW OF CLA'5 $ 5TRN4D
* SOWI N ORRUSATED. SU RFACE. CA-iAkfFC*CTERj
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thw Itlal on t >72t ý

2. omi" nurebec of beiti.pW'rea "3f po ywir Pr. r~t1e fl ld ee
w~eeur thir i~ ~t~ twnsa fetrt~i ~aalfjc~, 1' hc m t&±phera-

cire tenhyO t mi rsc act ewer&-g dieztiter cau !ýe vq

1. Ctq1culate iv cubic cenAtimetars the vvl're of -the hc1 4spktarei by

esot site ofbedprc.2 L
'4, c~altolate the ve_ fthe CNqk -ESit* bQ n~ilgthtqi

votme ot the hezdsrtereu times the deusity cf t a 1.2ner IJ2&Ia.

5. Clculte te ~rcentA52A~ccov4±X4 to the eqixrtl en

x .j io-;& =-2'Arface n'aLw-&ur 3. 5 v ! 100 P 0

&w;Ple. CelmrAatlon.

a. Field: 318D m. by I7 -f

Area: 180 m-. x 0.015 micrvn/rn x 177 mn, x 0.015 idczmr/mz.

7.16 nquare micrans o;:

7.16 xo 10'On

Rek13Mtluberan Diaaetar tJD Miemo R~i in Centimettrs

5 3.0 m 0.0x 0O015 &045 2.2 x 1a-6

24.0 tix0,015 - CX06 3.0 x v!

2 5.0 v- x 0.015 4.5~ x 0-

WiAJ)JI ýTR .1 69



3y x ' /3 x 3.14 x (3.o LC io6) , 2.o9 z ljoQ-5 CW

2 x 2/3 x 3•.4 x (3.8 1o-6)3 o.a 2 No-15 em3

15 x .2/ x ).Ik x (-.5 x o- . 7 x xO• 5

4,h89 x 0-15 CZ

4V Weight•:

4.89 xi- 5  1.2n x 1.0-L5 5g.

5% Per cent A-172:

O 0 ,1 0 r- A -0. 1y 2



¶ 4f.

AlA 2i5
-all4~ &&Qj.<S

no~

Nowur wrA

1.61; A-1I% o Gius Cio4.,

?v~~t hinof A-1140~f F;Wh ftaxiitI'-e m- tkt FIltoavvnt
tdsh ltw sCrtoc~nr of Fikmi~rvai~
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6 COO.F0 x
I ,mffl-O.U75 iS cc

A-1712 ac; Glans Ccltth

t. wcditig: Biy Ckandcca Analysis 0.03%
CGIcultaed fjm 0.05
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